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During the p~st 40 years, trace elements or micro-
nutrients have become increasingly prominent as elements 
indispensable to the health of plants, animals and man. 
They help to maintain the productivity of land already 
under cultivation and, as fertilizer components, to restere 
fertility of exhausted soils and enable new tracts of land 
to be developed for erop production (SAUCHELLI, 1969). 
The degree of availability of trace elements in 
soils is a function of their partition among different forms. 
Each ferm is related directly or indirectly to the soil 
salution through some pseudo-equilibrium distribution that 
is affected by several factors such as pH, organic matter, 
microbiological activity, oxidation potential, seasonal 
variatien and rhizosphere (HODGSON, 1963). 
Investigating trace element problems, however, is not an 
easy task, due to the following factors 
1. The amounts with which one must deal are infinitely small. 
2. The region between deficiency and taxicity is generally 
much smaller than for macroelements. 
3. Plant species differ in their susceptibility to trace 
element deficiency and toxicity. 
4. The effects of various trace elements are interrelated. 
5. The function and behaviour of trace elements in soil-
plant systems are not well understood. 
6. Seeds might contain a sufficient quantity of trace 
elements to satisfy plant requirements for normal growth. 
7. Soil environmental factors affect the availability of 
trace elements more than that of the macroelements. 
There is considerable interest in the possibility 
of using saline water for supplemental irrigation in arid 
regions and, recently, in humid areas. Despite the wealth 
of published work about major elements and salinity, little 
Unlv. Gent 
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is known about trace element behaviour when soils are 
subjected to salinization and/or alkalinizat ion. The objec-
tive of this thesis, therefore, is to determine how salinity 
and alkalinity variables , as well as chelating agents, would 
affect trace element~soil-plant relationships. 
In Chapters 1, 2 and 3, the effects of salinity, alkalihity 
and trace el ement fertilization on the mobility (availability) 
of trace elements in soil and their uptake by plants are 
examined. Studies reported in Chapter 4 discuss the role of· 
pH, salts and humic acid interactions in relation to the 
retentien of trace elements of greatest agronomie importance 
(Mn, Zn, Cu and Fe). Chapter 5 gives a survey of trace 
elements in some saline-alkaline soils of Egypt. 
Results in Chapter 6 deal with the stability of metal chelates 
as a function of pH and competing ions and elucidate the 
effects of chelation on trace elements in soil and plant. 
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CHAPTER I 
EFFECT OF SALINITY ON TR~CE ELEMENTS IN SOIL AND PLANTS 
1. INTRODUCTION 
Saline soils occur mainly in regions of atid and 
semi-arid elimate i however, they rarely exist in humid 
regions, where soils are subjected to sea water. The ori-
ginal sourees of all salt constituents are the primary 
minerals found in soils and in the exposed rocks of the 
earth's crust. During the processof chemical weathering 
these constituents are gradually released and made soluble. 
Irrigation water, as well as saline ground water, are con-
sidered to be important in contributing to salinization of 
normal soils. Soluble salts may also arise from other sourees 
such as fertilizers and mineralization of organic matter. 
Salt content and the pH of a soil are two factors 
of extreme importance in evaluating the production potential 
of soil for most crops. The excessive accumulation of soluble 
salts, however, is . actually a limiting factor of the produc-
tivity of irrigated land everywhere. Native salinity is 
important to consider, but the salinity of irrigation water 
has also engaged the attention of soil scientists of the 
semi-arid and humid regions. This importance is due to the 
fact that in many areas of the world there is shortage of 
high-quality water for irrigation, while the possibilities 
of using brackish or saline water have increased. 
It is known that salts in soils or introduced with 
irrigation water, may influence soils in different ways. 
The direct presence of salts is one consideration i changes 
in exchangeable cations on soil colloids is another i and the 
indirect effects of salts on soil microorganisms, plant root 
activities, and the physical properties of soil colloids 
constitute a third (BEAR , 1965, p. 306). 
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Trace elements a re bound in soils in different ways. 
They may exist in the f o llowing f o rm s : (LAKANEN, 1967) 
1. tra ce elements solub l e in soil solution 
2. exchangeable ions 
3. trace elements complexed with o r ganic materials 
4. precipitated trace elements 
5. constituents of soil minerals. 
The first three forms are considered to be readily available 
to plants, while the availability of the other two forms is· 
strictly limited (VIETS, 1962). The uptake of the essential 
nutritive elements from the soil system includes the release 
of nutrients from the s a lid phase into soil solution, move-
ment of nutrients in the soil solution to the root interface, 
removal of nutrients by the plant and subsequent utilization 
of nutrients in the plants (KHALIL et al., 1967). 
Soil salinity may have a determinate effect on one 
or more of thes e four steps. Moreover , some forms of trace 
elements, especially the soluble and exchangeable ones., oould 
be subjected to alteratien by introducing salts into the soil 
system. In the present chapter, attempts have been ma de to 
assess the effect of salinization on the fractions of some 
trace elements in the soil as well as on the ir uptake by dif-
ferent plant spe cies. 
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2. REVIEW OF LITERATURE 
Of the large number of ionic species which may occur 
in soil salution or in the ~dsorbed state, relatively few 
contribute to salinity in a given saline soil. The cations 
+ ++ ++ - -Na , Ca and Mg and the anions Cl , so4 , Hco3 ·and co3 
are generally predominant. Among these ions, Na+, Ca++ and 
Cl are the most common ones in many saline regions. Although 
salt accumulation in saline soil is usually a mixture of 
several salts, a given cation or anion may be dominant in 
certain areas. 
There has been considerable interest, for a long time, 
on the effect of saline substrates on plants, because salinity 
can alter the chemical and physical characteristics of the 
soil and may have a tremendous effect on growing plants. 
The following effects of salinity have generally been consi-
dered important (KELLEY, 1963) 
(1) The effects on the osmotic pressure of the soil solution. 
(2) The effects on the replaceable cations and their influence 
on the physical proporties of the soil. 
(3) The effect on the ratio of cations in the soil solution. 
(4) Specific ion toxicities brought about by the salt present. 
The osmotic pressure of the soil salution has great 
importance, due to its influence on the water availability 
to plants. As the osmotic pressure increases, the resistance 
to water absarptien by plants will also increase, i.e., the 
availability of water will be reduced (ELGABALY, 1955). 
According to BERNSTEIN and HAYWARD (1958), the progressive 
decreasein growth with increasing osmotic pressure of theexter-
nal salution can be partly explained in terms of the classical 
osmotic theory by a decrease in the diffusion pressure gra-
dient between the medium and plant. 
KHALIL and co-werkers (19 67) concluded that the increase in 
osmotic pressure of plant cells, to adjust for the increase 
in root medium osmotic pressure, may cause a general retar-
dation of enzymatic processe s and a shortage of plant 
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building material, associated with reduction in photosyn-
thesis. 
Since the total soil water stress increases by increasing 
osmotic pressure, it is expected that evapotranspirational 
losses by crops will decrease. This reduction may be partly 
due to the reduction in leaf area and, perhaps, to a reduced 
root surface area (LUNIN et al., 1963). 
The addition of saline water to a soil may àlter 
its exchangeable cation status. Such alteration will depend 
on some of the soil characteristics, especially texture, 
organic matter content, cation exchange capacity and type 
of clay mineral. The differences in texture and organic matter 
content are directly reflected in the moisture holding capa-
city of a soil. At a given soil moisture tension, there would 
be less water and a higher salt concentration in a coarse 
textured soil than in a fine textured one (LUNIN and GALLATIN, 
1960). There is considerable evidence that the physical con-
ditions of the soil may be ~odified by soluble salts. The 
effects, most commonly recognized, result from cation exchange. 
Increasing concentration of Na+ ions results in a replacement 
of ca++, which can be leached out, leading to the dispersion 
of soil particles. This dispersion effect can be fully coun-
terbalanced by the . coagulation effect of soluble salts, if 
they are present in high concentrations. 
High salt concentration may produce nutritional unba-
lance as well as specific ion toxicities unless it is compen-
sated by some o ther ions. Toxicity, which refers to any in-
hibition in growth or function, due to the excessive accumu-
lation of a specific ion such as Cl-, Hco3-, Na+ and/or B, 
is known to occur in saline soil. Furthermore, HOMES (1961) 
stated that the growth medium becomes more and more toxic 
when one single element is quantitatively dominating the 
others. It is noteworthy that attention should be paid to boron 
toxicity, since B is tox ic to plants when its concentratien is 
slightly higher than that required for optimum growth of a 
species (KELLEY and BROWN, 1928). In saline soils, which con-
tain e x cess of B, it is generally more difficult to reduce B 
toa safe level than other saline constituents (RICHARDS, 1954). 
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An indirect effect of salinity is its influence on 
soil microflora and soil pH. Microorganism actlvities could 
be inhibited by saliniza.tion." It was found (RANKOV, 1965) 
that both ammonification and nitrification were lower in 
saline than in nonsaline soils and that Cl-salinity was more 
effective in this regard than so4-saiinity. 
With regard to soil reaction, usually an increase of salt 
concentratien decreases the measured pH. It can be assumed 
that the cation of the salt will exchange with the exchange 
acidity of the soil and so release hydrogen.ions into the 
soil solution. The effectiveness of elec~rolytes in lowering 
soil pH values increases with the valenee of the cations 
(BEAR, 1965 p. 297). 
The influence of salt addition to a soil on its pH seems to 
be a function of several factors, for instance, the original 
pH, the type of salt and its concentration. In neutral and 
alkaline soils the presence of an electrolyte decreases the 
hydralysis of dissociating sodium ions and also reduces the 
resulting pH. 
On the other hand KELLEY (1963) reported that irrigation 
with saline water caused an increase in the soil pH, which 
could depress the availability of some minor elements. 
2.2. ·§~1E_E21§E~~9~-!~-~~1~E!2~_E2_21~~~-§P~9!§§_~~g_§~~g§_2~ 
gE2~E!: 
The toleranee of plants to salinity varles according 
to plant species, type of salt and s tage of growth at which 
salinization occurs. Regarding variations in salt toleranee 
between plant species, a salt-tolerance list was given by 
RICHARDS (1954), indicating the salinity levels which cause 
50 % decrease in yield. These variations in salt toleranee 
are mainly related to differences in physiological charac-
teristics between the species, when other growth. conditions 
are the same. An example of these variations is that the 
shallow-rooted plants or those with large top-root ratios -
which therefore have a lower capacity for water absorption 
in relation to transpiration - will exhibit lower salt tole-
ranee tha n deeper-rooted species or those ~ith low top-root 
ratios. 
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There are some crops which accuroulate more of one cation 
than do ether crops . This selectivity might b e due to varia-
tions in the total absarptien power of plant roots. On the 
ether hand some plants show special sensitivity to a certain 
ion and are more· injured by one salt than by another. The 
nature of the salt also has a great significanee i HASSAN 
and OVERSTREET (195 2 ) showed that the depressing effects of 
certain salts on seedling elangation were due, not only to 
increased osmotic pressure of the media, but also to the 
type of the salt and its specific effects on growth processes. 
Saveral investigations have been · carried out to study 
the effect of salinity at different growth stages. 
BERNSTEIN and HAYWARD (1958) and ethers believe that, in 
general, young plants adapt more readily to salinization than 
older ones. Their explanation for this finding is that deve-
lopment in nonsaline medium with adequate moisture supply 
faveurs top growth, but excessive top growth may result in 
severe injury when moisture supply suddenly becomes limited 
I -
by salinization. On the contrary, ether investigators (LUNIN 
and co-werkers, 1961 c i 1963 i KADAH et al., 1964), reported 
that some plant species are less affected, or more tolerant, 
when they are salinized at a more mature stage of growth. 
Finally, BATCHELDER et al. (1963) postulated that the stage 
of growth at which salinization is initiated, has a minor 
effect. 
A number of investigations have been carried out to 
characterize the effects of salinization on chemica l compo-
sition and macronutrients uptake by different plant species. 
Salinization was performed by application of a single salt 
and combinations of salt mixtures. In recent years, the use 
of brackish water for irrigation in humid regions has in-
creased. Saveral studies of this subj ect started with inves-
tigating the effect of synthetic sea water salinizat ion on 
the yield and ~acroelement ~ptake (LUNIN and co-workers 
1960, 1961 a, 1961 b, 1963 and BATCHELDER et al., 1963). 
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An important work to be quoted is the comprehensive study, 
made by VAN DER MOLEN (1957), on the exchangeable catdon 
status of soils flooded and equilibrated with sea water. 
Same previous attempts were made to assess the in-
fluence of individual ions on the uptake of micronutrients. 
The factors influencing Mn uptake have received special . 
attention by -many invest igators. Same of them related the 
changes in Mn uptake to the effect of salts on ~oil pH ; 
ethers did not agree with this suggestion. 
In an earlier study, FUJIMOTO and SHERMAN (1948) stated that 
when cac1 2 was added to the soil, the level of exchangeable 
Mn was increased. The slight acidity of a salution of this 
salt (a salution of 2.5 % cacl 2 has a pH of ± 5.3) would 
cause a release of Mn , while a salution of KCl (which is 
nearly neutral in reaction) neither increased nor decreased 
exchangeable Mn. TISDAL and BERTRAMSON (19 ~ 9) reported that 
the oxidation of elemental sulfur in the soil resulted in a 
lowe ring of the soil pH and release of soluble Mn. According 
to YORK and co-werkers (1954), the increase in the Mn éontent 
of alfalfa and corn associated with KCl or NaCl applicat~ons 
was attributed to the salt effect on the pH of the fertilizer 
band . Among these who disagree with these findings are 
JACKSON et al . (1966). They concluded that the major part of 
·the increase in Mn conten t of plants, associated with Cl 
treatments (applied as KCl), was probably nat due to salt 
effect on the pH of the fertilizer band, since K2so4 and K2co3 
had essentially no effect on the uptake of Mn. 
Camparing the effect of Cl .and so4 treatments, it 
was found (HAMILTON , 1966) that Mn uptake by oats was higher 
in the pres ence of KCl than with K2so4 . On the other hand, 
CHENG and QVELLETE (19 68 ) observed that KCl and K2so4 increa~ 
sed and K2co3 decreased the uptake of Mn ; K2so4 giving more 
of an increase than KCl. 
The effect of Ca++ on Mn uptake by plants is nat 
clear. MARTIN and BINGHAM (195 4) and LOHNIS (1960) reported 
a suppressive effect of Ca on the absarptien of Mn. 
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The interaction between Ca and Mn uptake from nutrient 
solutions was investigated by VAN DIEST and SCHOFFELEN (1966) 
and Ca in general appeared to suppress Mn uptake. They con-
cluded that Ca, which can play a role in lowering the solu-
bility of Mn in soils, also competes with Mn for absarptien 
sites of the plant. On the contrary, ·sTEWART and LEONARD 
(1 963) observed that the availability and uptake of Mn, from 
both acid and calcareous soils , were greatly enhanced by 
mixing manganese sulfate with CaC1 2 • 
The same results were found in the case of En, but the mecha-
nism involved in the increased uptake of Zn in the presence 
of cac1 2 , was not fully understood. 
With regard to the effect of Ca ions on Fe uptake, 
TAPER and LEACH (1957) and BROWN et al. (1960) showed that 
high Ca levels can decrease the uptake of Fe (and ether 
metals), since high Ca++ concentrations in the soil can result 
in serious competition with Fe++ for binding sites. NEUMAN 
++ 
and WAISEL (1 966) observed t~at the presence of Ca and Cl 
• I 
in the growth medium had only a slight effect on t he uptake 
and translocation of Fe, while Na caused an inhibition i~ the 
translocation of Fe into the shoot. 
It must be remembered that, in all the previous attempts to 
study the effect of major ions on micronutrient uptake, the 
concentrations of these ions were in the normal fertilization 
range and not within the range which may exist in saline 
soils. 
In spite of the importance of soil salinization in 
relation to trace element nutrition of plants, most of the 
~ 
work carried out, dea~ with the effect of salinity on macro-
nutrients. Little work, if any, had been done on the uptake 
o f micronutrients when soils are ad justed to different sali-
nity levels, befare that of LUNIN and co-werkers was publised 
(1961 c). The effect of soil acidity and salinization with 
synthetic sea water on the growth and chemical composition 
of snap beans was evaluated. 
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It was found that increasing salinity considerably increas-
ed the solubility of Mn in the soil (l N NH 40Ac, pH 4.8 -
soluble Mn) and its uptake by plants. They also found that 
even an acid soil of pH 4. 7 would ur1dergo a pH decrease due 
to salinization . . This increased acidity may increase the 
solubility of certain trace elements; such as Fe, Mn, and Al 
to a level which may be taxie to plants. However, this indi~ 
reet effect of salinity is nat necessarily true for all soils. 
A werk of particular interest was published by HASSAN 
and co-werkers in 1970 (a and b) after the present experi-
ments were conducted. In their studies, the production of dry 
matter and the concentratien and upt_ake of macro- and micro-nu-
trients by barley and corn from soil (pH 6.7) adjusted to diffe-
rent levels of salinity (mixture of Na 2so4 , Mgso 4 and cacl 2
) 
were evaluated under greenhouse conditions. It was found that, 
during the growth period, increasing soil salinity increased 
so4 and Cl ions in the saturation extract and lowered soil 
pH. In the barley experiment, acid-extractable Mn increased 
with salinity, but there was almest no effect on acid-ext;ac-
table Fe, Zn and Cu. In the corn experiment, there was l~ttle 
or no effect on acid-extractable Mn, Zn, Cu and Fe. With 
regard to plant uptake, a significant positive correlation 
was found between soil salinity and Mn uptake by barley. 
A significant negative correlation was found in the case of 
Fe a~d Cu uptake. On the ether hand, a significant negative 
correlation was obtained between soil salinization and the 
uptake of Fe, Mn, and Cu by corn. 
There is little information about the direct effect 
of salinization on the fractions of trace elements in s0ils, 
or about their uptake by different plant species. It was 
thought that the trace element absarptien ability of diffe-
rent species might differ according to the salinization treat-
ments, since it is known that plant species vary in their 
salt-tolerance. Furthermore, a fundamental evaluation of the 
effect of salinity on trace element solubility and uptake 
seems pos~ible if the influence of e a ch single salt is ~tudied 




(1) The effect of salinization on the mobility of trace 
elements in soil. 
(2) The influence of salinization with synthetic sea 
water on trace element uptake by three plant species. 
(3) Trace element uptake by corn as influenced by single 
and combined salt applications. 
In order to facilitate the interpretation of these diffe-
rent subjects, they will be treated in separate parts. 
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PART l 
EFFECT OF SALINIZATION ON THE MOBILITY OF TRACE ELEMENTS 
IN SOIL 
1. EXPERIMENTAL DETAILS 
In an attempt to estimate the effect of increasing 
salt concentrations on the solubility of native and applied. 
micronutrient cations, two laboratory studiès were carried out. 
The soil used in these experiments was a. sandy loam (Belgian 
classification) surface layer from Melle Experimental Farm 
(Belgium). The characteristics of this soil are given in 
Table 1. 
Table 1 : Physical and chemical properties of the soil used. 
r-----------------------ï--------------------------------------
1 
I Sand Silt Clay 
: (>50).1) (2-50).1) (0-2).1) 
Texture 
I 
: 43. 1 % 48.5 % 8.4 % 
I Organic matter • • • • • • • • I 2.3 % 
I 
Field capacity (1/3 atm.) 14.5 % 
Water saturation 
capacity .. .•..•.•.. •.. 29.5% 
pH-H20 . . . . . . . . . . . . • . . . 6.2 
E.C. of 1:5 extract 0.25 mmhos/cm 
E.C. of saturation 
extract 
C.E.C. (meq/100 g) •... 
Bases (meq/100 g) ..... 
water-soluble ......... 
Exchangeable ........... 
Trace element content, 
(ppm in air-dry soil) 
0.60 romhos/cm 
10.20 
Ca ++ Mg++ 
0.49 0.07 
4.70 0.49 
Fe Mn Zn 




Cu Co Ni 
15 4.0 4.5 
Ho Al 
1.5 825 0.5N HN0 3 extract 
0.05M EDTA pH 7.0 •• • •• 1 6 3 8 13 5 1 7 11 tr . tr • tr • l 9 0 1 
I I 
1N NH 4oAc pH 4.8 ....•. : ·10 45 10 tr. tr. tr. tr. 18: 
---------------------- --~---------- ---- - - - - - -- - ------- ---------· 
tr. = traces 
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1.1. Studies on the native trace elements 
Four levels of s oil salinit~ were induced by trea-
ting the soil with equal portions of salty water. Each 
portion contained one of the following salts : NaCl, cac1 2 , 
* MgC1 2 , Na 2so4 , Mgso 4 and dilutions of synthetic sea water. 
Untreated soil was used as a control and only received 
deionized water. The amount of each salt was dissolved in 
15-ml deionized water and added to 100-g air-dry soil in a 
plastic cup. This amount of water was enough to raise the 
soil moisture content to field capacity. The soil was 
thoroughly mixed with the salty water, covered and incubated 
for 4 weeks at room temperature. 
The induced salinity levels and the conductivities of the 
treated soil samples are given in Table 2. 
Table 2. Salinity levels 
,---------ï _______ ï _________________________________________ ï 
I 1g salt 1 E.C. of the 1:5 extract in mmhosjcm 1 
: Salini ty : added :-------,-------,----:--,-------r-----,-------1 
I levels I per kg I I I I I I ll(l 
: : soil : NaCl : CaC1 2 : Mgcl 2 : Na 2so4: MgS0 4 :s.S.W. : 
~---------+-------~------~------i------4-------t----- 1----~-J 
I I I I I I I 
: O,control: 0.00 : 0.35 : 0.35 l 0.35 : 0.35: 0.35 0.35 
I I I I I I I I 
I I 0.75 1 0.66 1 0.70 1 0.75 1 0.60 10.60 
I I I I I I I 
: II : 1.50 : 0.95 : 0.96 : 1.00 : 0.80: 0.80 
0.65 
0.90 
I I I I I I I 
I III I 3.00 1 1.55 1 1.55 1 1.60 1 1.24 1 1.20 1. 40 
I I I I I I I 
L------ ---~-------~------~------4------4-------~-----~------~ 
11< 
The synthetic sea water used had the following composition 





o 102 meq/1, caso4 .2H2o 20 meq/1 and K2so4 12 meq/1. 
(pH of the original s.s.w. was 5.15, the dilutions of s.s.w. 
of salinity levels I, II, III had the following pH : 
5.25, 5.15, and 5.15 respectively.) 
The same procedure was followed, except that Fe, Mn, 
Zn and Cu were added simultaneously to the soil in one dose. 
These elements were applied in the following amounts : 
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Fe - 20 ppm as FeS0 4 .6H 20 
Mn - 30 ppm as MnS0 4 .H 20 
Zn - 10 ppm as znso4 .7H 20 
Cu - 10 ppm as Cuso4 .5H20 
At the end of the incubation ·period, in both expe-
riments , 10-g soil (air-dry basis) were shaken with 50-ml 
of the extracting solution for one hour and filtered. 
This procedure was done with 
0.1 N HCl and 0 . 05 M EDTA pH 7.0. For the determination of 
easily reducible Mn, 10-g soil were shaken with 50-ml of 
1 N NH 40Ac pH 7.0 + 0.20 % hydroquinone for one hourand 
allowed to stand for 6 hours, with interrupted shaking, 
before filtration. The hydroquinone was destroyed by the 
method of SHERMAN and HARMER (1943) before Mn determination. 
Fe, Mn and Zn were directly determined in ·the filtrates by 
atomie absorption . In the case of Cu, a 5-ml aliquot of the 
filtrate was shaken with 1-ml of a 1 % aqueous solution of 
ammonium pyrrolidine dithiocarbamate and 5-ml of ethyl. 
acetate in a 20-ml steppered test tube. Cu was determined in 
the organic layer by atomie absorption. Copper standards 
were prepared in a similar way (ALLAN , 1961). 
The pH of 1:5 soil:water suspensions was measured after be-
ing equilibrated over night at room temperature. The elec-
trical conductivities of the 1:5 soil:water extracts were 
estimated at the end of the incubation period, according to 
the method given by RICHARDS (1954). 
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2. RESULTS AND DISCUSSION 
Fig. 1 shows the variations in soil pH with addi-
tions of single salts and synthetic sea water of different 
dilutions. The pH pattern was practically the same with or 
without trace element applications. Only a small pH decrease 
was observed when trace elements were applied, which was 
presumably due to the sulfate farm in which· these elements 
were applied (BEAR, 1965, p. 298). 
A gradual increase in soil pH was noted with in-
creasing levels of NaCl, MgC1 2 , cac1 2 and synthetic sea 
water (the latter contained 95 % salts in chloride farm) . 
These results, especially with synthetic sea water, are not 
in agreement with the previous findings of LUNIN et al. 
(1961) and BATCHELDER et al. (1963), where increasing levels 
of synthetic sea water resulted in a corresponding decrease 
in soil pH. Bath experiments are, however, not strictly 
comparable since LUNIN and BATCHELDER measured the pH in a 
soil paste after plant h~rvesting, while in the present 
study the pH measurements were carried out in 1:5 suspensions 
after being equilibrated overnight (± 20 h). In addition, 
· our original soil samples were incubated for 4 weeks at field 
capacity befare the measurements. These differences in tech-
niqué could be one of the reasans for such disagreement. 
Also, it is noteworthy that submergence or water saturation 
of slightly acid soils increased the soil pH as a function 
of time, and this increase was related to a decrease in the 
redox potential (Eh) of the Fe(OH) 3 - Fe++ system 
( PONNAMPERUf-1A et a 1. , 1 9 6 6) . 
The salt treatments, of the experiment being discus-
sed, substantially increased the base saturation of the soil 
and one may expect a possitive correlation between soil pH 
and the degree of base saturation (TURNER and CLARK, 1965 
and VAN DER MOLEN, 1957). In addition, a comprehensive study 
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with Na, K or Ca (when added as chlorides) was characteris-
tically related to soil pH, and that the Na-treated soils 
had comparatively higher pH values than these of Ca-treat-
ments under the same experimental conditions. 
The proton liberated by disp~acement might be bound 
by some proton acceptor, as was recently suggested by BACHE 
(1970), who mentioned the possibility that cac1 2 displaced 
a proton acceptor from the soil, which in turn slowly reacts 
with water (hydrolysis) , as fellows 
The nature of such proton acceptor has not yet been esta-
blished, but CHAKVAVARTI and TALIBUDEEN (1961) proposed a 
possible mechanism. They showed that proton uptake by clay 
suspensions can be attributed to polymerie hydroxy-Al and 
hydroxy-Fe cationsof low charge ~+ 3 (H 2o) 2 (OH) 2 ]+ where 
M+ 3 denotes Al+ 3 or Fe+ 3 , which can gradually acquire pro-
tons to increase their charge until they ferm a stable c~n­
figuration. Furthermore, they reported that the actual pro-
ton loss from suspension, in rnales (à H+) , linearly increa-
ses with the logarithm of the Cacl 2 concentration, and also 
increases with time. The rise in pH of cac1 2 soil suspensions 
was reported previously by COULTER and TALIBUDEEN (1 954) and 
TURNER and CLARK (1965). 
An effect similar to that with cac1 2 could be produced by 
MgC1 2 , NaCl, and synthetic sea water. 
On the ether hand 80 4-salinization caused little or 
no decrease in soil pH. It seems difficult to give a definite 
explanation to the differences between the effect of Cl and 
80 4 salinity. However, a higher degree of base saturation is 
expected to be obtained with Cl-salinization when eeropared 
to that with 804 (At salinity level III, the number of 
milliequivalents of salts added per 100 g soil were 5.13, 
6.30, 4.22 and 4.98 in the case of NaCl, Mgcl 2 , Na 28o4 
and 
Mg80 4 respectively). Table 3 shows that the introduetion of 
Na and Mg in the chloride form caused a greater saturation 
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The present results indicate that pH changes with increas-
ing soil salinity are governed by different factors, so 




The variations of water-soluble, exchangeable and 
easily reducible Mn as affected by salinization, in the 
presence or absence of trace element applications, are 
illustrated in Fig. 2. 
The easily reducible form represents all forms of manganic 
oxides which are reduced by hydroquinone at pH 7.0. 
Of all the elements studied, Mn showed the highest sensiti-
vity to variations of soil salinity. 
Almest the same pattern of Mn mobility occurred w~th 
I 
or without Mn application. In the absence of salinization 
(control) , the amount of Mn applied to the soil in the sul-
fate form (30 ppm Mn++ ) was entirely converted to the easily 
reducible form, presumably due to o xidat ion of Mn++ to higher 
. oxides under moist . and aerobic conditions. In the case of 
Cl-salinization, this conversion did not occur and even 
reduction of the easily reducible Mn was observed with a eer-
responding increase in both exchangeable and water-soluble 
form. This finding is reaffirmed by the observation that 
without Mn application, t he control (no salt addition) contai-
ned 147 ppm of easily reducible Mn, while with Mn application 
it contained 178 ppm. With salinization (NaCl level III), 
the amount of easily reducible Mn was only 50 ppm. 
In soils, the forms of Mn are known to be in dynamic 
equilibrium with each ether. It was reported ·(SHERMAN et al., 
1942) that the existance of soil Mn in a dynamic oxidation-
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water-soluble Mn ++ exchangeable Mn ++ 
easily reducible Mno2 ++ relatively inert rnanganic oxides 
The conversion of Mn++ to higher valenee farms, when soil 
was equilibrated in rnoist conditions, was also reported by 
CARLOSTADIO and KAMPRATH (1959) and HAMMES and BERGER (1960). 
This oxidation of Mn++ is believed to be largely biologica! 
(MULDER and GERRESTEN, 1952 ; GRASMANIS and LEEPER, 1966 ; 
NAMBIAR, 1970). Here, it seerns likely that the presence of 
salts resulted in an inhibition of the oxidation processes, 
i.e., shifting the above mentioned dynarnic equilibria to 
the left-hand side, due to the expected depressing effect 
of salinization on rnicroorganisrn activity. 
Water-soluble rnanganese : 
In all instances, increasing Cl-salinization resulted in a 
pronounced gradual increase in water-soluble Mn. An ortho-
gonal contrast was made between the control and the sa~ts·; 
and a cernparisen was made between the salts. The calculated 
"F" values were significant in bath cases (F = 11.21*>;( 
>J!.'J< 
for the control vs. salts and 29.12 between salts). 
The increase of this fraction was in the order : cac1 2 > 
· MgC1 2 > NaCl. In the case of divalent cations the effect 
was indeed much higher than with the monovalent Na. 
The effect of synthetic sea water was closely similar to 
that of NaCl, since it contained 78 % NaCl. At higher salt 
concentrations, synthetic sea water mobilized more Mn than 
did the NaCl, due to the presence of the divalent salt 
(Mg++, at a concentratien of 17 %) . The differences between 
the effects of cac1 2 , Mgcl 2 and NaCl might be attrib'uted 
to the influence of the valence, i.e., the higher the va-
lenc e of the applied cations , the ~eater is its ability to 
displace the adsorbed Mn. The higher water-soluble Mn in 
the c ase of c ac1 2 , compared with that of MgC1 2 can be rela-
ted to the size effect, according to the well-known lyotro-
pic series (BEAR, 1965, p . 191). 
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Biological activity can play an important role in 
the mobilization of Mn (or Fe), in relation to salinity. 
NAMBIAR (1970) found that incubation of slightly acid soil 
at field capacity for 28 days (conditions similar to the 
present work) resulted in a significant decrease in the 
NH 4oAc-extractable Mn and Fe. But when the soil was poison-
ed with thiomersal Mn, and to a lesser extent, Fe extracta-
bility increased, a change suggesting that the decrease in 
Mn (or Fe) solubility was due to microbial inwobilization. 
In addition, RANKOV (1965) reported that salinity inhibited 
microorganisms and that Cl-salinity was more effective than 
so 4-salinity in this respect. 
Thereby it is suggested that one of t~e factors which caused 
the increase of Mn (or Fe) solubility by salinization, could 
be the decrease of Mn irnrnobilization by microflora. 
On the other hand, so 4-salin i zation had practically 
no influence on the amount of Mn released into solution, in 
spite of the fact that the soil pH remained lower when com-
pared to its increase after Cl-salinization. Such results 
are rather surprising when one considers the relationship be-
tween pH and soluble Mn under nonsaline conditions. 
The difference between the effect of Cl- and so
4
-salinity on 
the water-soluble Mn form might be related to the following 
factors 
1.- The complementary anion effect and the resultant 
difference in the diffusion rates of MnC1 2 and Mnso 4 . 
Recently, it was reported by ELLIS et al. (1970) that the 
diffu s ion coefficient of cuc1 2 in soil was higher than that 
of cuso4 . They sta ted that the complementary anion is con-
sidered an important factor in relation to the diffusion 
rates of salts in soils. If the anion has a higher diffusion 
coeffic i e nt than the associated cation, the more rapidly 
rnaving anion will move ahead of the c a tion and create an 
electrica l potential that will cause the cation to move to-
wards t he nega tive ion s . Th e slowe r moving anion will t e nd 
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to slow down the diffu sion rate of the cation. Furthermore, 
diffusion was considered as the most important movement 
mechanism of Mn, Fe and Zn in s o ils (OLIVER and BARBER, 1966) . 
However, others believe that cations in soi l may diffuse 
both in the salution phase and in the adsorbed phase (NYE , 
1966 OLSEN and KEMPER, 1968). 
It can be, therefore, anticipated that, when chlorides or 
sulfates are applied to the soil, the displaced Mn may asso-
ciate with Cl or so4 ions and the resulting Mncl 2 may 
diffuse more rapidly than Mnso 4 . Accordingly, the measured 
water-soluble frac tion of Mn (MnCl 2 ) wil~ be higher. 
2.- The amounts of cations brought in contact with 
the soil were higher withchlorides, since equal weight of 
salts were used as Cl and so4 . Hence, more Mn might be 
displaced and solubilized by the Cl-treatme nts. 
3.- The differences in the negative ad sorption of 
Cl and so4 anions. The negative adsorption increases 
with the valene e of the anion (BEAR, 1965, p. 197). Accor~ 
I 
dingly, Cl anions are expected t o be less repulsed than 
sulfates and this showed t o be accompanied with a higher· 
replacing power f o r chlorides than for sulfates. 
Exchangeable and easily reducible Mn : 
Exchangeable Mn increased with increasing levels 
of Cl-salinity. However, at the higher salinity l evels (II 
and III ) a dec rea se in the exchangeable Mn was observed , but 
it still remain ed much higher than that of the control (no 
salini~ation). In general, t he increase in the exchangeable 
form was of the order : NaC l > MgCl 2 > cacl 2 , which was the 
opposite of the order for the water-soluble fraction 
(Cacl 2 > MgCl 2 > NaC l), due to the equilibrium between water-
soluble and exchangeable manganese . 
In a pattern similar to that of water-soluble Mn, the exchan-
geabl e fraction did not show any significant variation with 
increasing levels of so4-salinity. 
- 23 -
If the equilibrium between exchangeable and water-
soluble Mn was only the deciding factor, the values of ex-
changeable Mn should decrease continuously with increasing 
salinization, due to the associated increase in the water-
soluble fraction~ But it seems that salinization might con-
vert part of the easily reducible ma~ganese (Mn+ 3 or Mn+ 4 ) 
to an adsorbed form (Mn++ ), in view of the previously men-
tioned dynamic equilibrium between the three förms of Mn. 
In agreement with the present findings, COTTENIE and 
GABRIELS (1966) stated that each individual·trace element 
in the equilibrium salution may be accompanied by different 
precipitates. These precipitates represent a stock of ele-
ments, which may pass into solution , in accordance with the 
laws of equilibrium, when the corresponding ions are removed 
and when physical conditions allow their dissolution. In 
this way, the decrease in the exchangeable fraction at higher 
levels of salinization showed to be compensated by correspon-
ding increase in the water-soluble form. Meanwhile the con-
version of easily reducible Mn to exchangeable Mn was not 
sufficient to compensate for such increase in the water-
soluble form. 
With regard to the easily-reducible fraction, it 
appeares that this . form reflected the changes in both the ex-
changeable and water-soluble Mn : the higher the wa·ter-soluble 
and ~xchangeable Mn, the lower was the easily-reducible form. 
2.2.2. Extractable iron : 
In contrast to Mn, the increase of both Cl- and so4-
salinization resulted in a gradual increase in the acid-
extraetabie Fe (Fig. 3). In the case of chlorides, the in-
crease of Fe solubility was in the order : CaC1 2 > MgC1 2 > 
NaCl. However, the effects of the three salts, when applied 
in high concentration, were not well distinguished. 
Furthermore, Mgso4-treatments resulted in a somewhat higher 
extractable Fe than with Na 2so4
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The higher values of extractable Fe after 804-
salinization, compared with those after Cl-salinity (the 
opposite of Mn behaviour), corresponded to a lower pH of 
the soil treated with sulfates. The pH values after NaCl, 
MgC1 2 , Na 28o4 and Mg80 4 treatments were 6.40, 6.15, 5.30 
and 5.25 respective ly, at salinity level III. 
The different patterns of Mn and Fe mobilization 
in relation to Cl- or 804-salinity indicate that Fe com-
pounds in the soil were more dependent on p~ changes, while 
Mn seems to be affected more by biological activities. 8uch 
statement, however, requires further investigations. 
Camparing Cu-extractability by 0.1 N HCl and 0.05 M 
EDTA at pH 7.0, it appears (Table 4) that the values of EDTA 
are higher. The higher value of EDTA-extractable Cu is main-
ly due to the chelating nature of EDTA and its ability to 
extract elements which occur largely in organically complèx-
ed forms (VIRO, 1955). 
Capper solubilization, as measured by dilute acid 
or EDTA, did not show any appreciable variations with sali-
nity. When Cu was applied to the soil, a small increase in 
the EDTA-extractable Cu was observed as a function of 
sal i~ity. The presence of divalent cations (Ca or Mg) result-
ed in slightly higher amounts of extractable Cu than with 
the monovalent one (Na ) . 
With regard to Zn mobilization, essentially no 
changes occurred in the native Zn and a minor increase was 
ob served, as a function of salinity, when Zn was applied to 
the soil. No effects between the different salts were dis-
tinguished. 
In general, the results of the salinity effects on 
Mn solubilization agree with the previous findings i.e. 
increase of Mn mobility with increasing salt concentratien 
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In earlier studies, the increase of Mn solubilization was 
related to a decrease in soil pH when salts were intredu-
eed into the soil (FUJIMOTO and SHERMAN, 1948 i MORRIS, 
1948; LUNIN et al., 1961 . i HASSAN et al., 1970 a). In the 
present study, it was found that the increase of Mn solubi-
lity was not necessarily due to pH depression, since an in-
crease in soil pH occurred with Cl-salinization. JACKSON 
et al. (1966) were among those who believed that the salinity 
effect on Mn availability was not due to a lowering of soil pH. 
The observations on Fe, Zn and Cu extractability, as 
a function of salinization agree, to some extent, with those 
of HASSAN et al. (1970 a & b) in which salinization caused 
a little increase in acid-extractable Fe and Zn. However, no 
significant changes were observed for Cu. 
3. CONCLUSIONS: 
- Exchange r~actions caused by applied salt cations play an 
important role in mobilizing trace elements from the ex-
change complex. 
Chan~es in soil pH may, to some extent, explain the varia-
tions of ·trace elements mobility by salinization, but, 
particularly in the case of Mn, other factors such as the 
pr e sence of chlorides may inter act with pH. 
An increase of Mn and/or Fe solubility as a function of 
Cl- s alinization occurred, in spite of the corresponding 
increase in soil pH by these salt treatme nts. 
- Inhibition of biological activities, by salinization, could 
be an important factor in conneetion with mobile fraction 
of Mn . 
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PART 2 
EFFECT OF SOIL SALINIZATION I.VITH SYNTHETIC SEA WATER ON 
TRACE ELEMENT UPTAKE BY THREE PLANT SPECIES 
1 . EXPERIMENTAL DETAILS : 
A pot experiment was conducted in May 1968 to 
study the uptake of trace elements as affected by soil 
salinization. Three plants of different salt toleranee were 
chosen : bean ( Pha~eolu~ Vulgah~~), corn ( Z~a may~ ) and 
wheat ( T~~t~Qum a~~tlvum ) . 
Various dilutions of synthetic sea water were applied to 
the soil one week after sowing the bean and one week before 
sowing the corn and wheat , due to the sensitivity of bean 
germination to salinity. 
(Synthetic sea water had the following composition : 
473 meq NaCl/1 ; 102 meq MgC1 2 .6H 20/l ; 20 meq caso4 .2H 20/l 
and 12 meq K2so4/l). 
The amounts of applied salty water were equal, in volume, 
for all the pots and were calculated to raise the moisture 
content of the soil to field capacity. By these treatments 
the salinity levels shown in Table 5 were obtained. 
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Table 5. Salt treatments, expressed in g salt added per 
kg soil, and electrical conductivities (E.C.) 
of 1:5 soil:water extracts 
1----------------------r---------------------~------------------- --, 
I I I I 
1 bean 1 corn 1 whea t 1 
1---------------- ------~---------------------~---------------------1 I 1 I I I I I I I I 
1 salin.1 salts1 E.C. 1 salin. 1salts1 E.C. 1salin.1 saltsl E.C. 1 






I I I I 
I I I I 
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The value 0.40 mrnhos/cm of the 1:5 soil:water extract 
cor-responds to 4.00 mrnhos/cm in the saturation extract 
of the same soil, according to the r elationship given 
in Fig. 4. (equivalent value of osmotic pressure is 1.44 atm . ) 
The soil used was a moderately acid sandy loam from 
Melle Experimental Farm. The characteristics of this soil 
were previously reported in Part 1. One kg of soil was used 
in each plastic pot. Each pot received 0 .075 g N (as NH 4No3 ) 
and 0.05 g bothof P and K (a s KH 2Po4 ). These rates are 
approximately equivalent to 336 kg N/ha and 224 kg each of 
P and K per hectare. 
During the growth period, the moisture content of the soil 
was maintained at field capacity by addition of distilled 
water, when necessary, as determined by pot weight. Treatments 
were performed in tr iplicate. A control receiving only dis-
tilled water was used for each erop. The pots were placed in 
greenhouse in random order and were moved from time to time 
to assure equal environmental conditions. 
In the case of bean and corn, six seeds were sown in each 
pot and, after germination, they were thinned to three plants . 
For wheat, 80 seeds were planted per pot. 
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extracts. as affected by synthetic sea water salinization 
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Pla nts were harvested 30 days after sowing. 
Shoots were washed twice with deionized water, dried at 
70°C, weighed and ground. Soon afte r harvesting, the roots 
were taken from the pots and cleaned in a jet of water. 
They were washed. again in tap water and further rinsed as 
fellows : twice with distilled water i once with very dilute 
acid, and then with deionized water. Finally they were 
dried at 70°C and weighed for dry matter content. 
Analysis : 
Shoot and root samples were ashed at aboUt 450°C and analys-
ed for trace elements by simultaneous direct-reading spec-
trography (COTTENI E et al., 1967). The analytical procedure, 
briefly, consists of mixing the plant ash with spectrographic 
buffer powder at a rate of 5 parts buffer to 1 part ash and 
filling a centerpost-typecrater of a graphite electrode 
with the mi x ture. The buffer mixture cons ists of one part 
each of Li 2co3 and c a co3 and 3 parts of graphite powder. ;r:_he 
standard curves were prepared by dilutions of the trace ele-
·ment oxides in an appropriate matrix which contained most of 
the major elements and silicon o x ide. 
Labaratory study : . 
100-g soil samples were incubated for 4 weeks in plastic con-
tainers, with exactly the same pattern of treatments as in 
the pot experiment. At the end of the incubation period, pH 
and electrical conductiv ities of 1:5 and saturati on extracts 
were measured acco~ding to the methods given by RICHARDS(1954). 
2. RESULTS AND DISCUSSION 
2 . 1 . Soil reaction 
In general, increasing levels of synthetic sea water 
caused a gradual increase in soil pH (Table 6). This result 
confirms the prèviously rep?rted increase of soil pH as a re-
sult of chloride salts and synthetic· sea water applications 
(Part 1). 
- 30 -
Table 6. Soil pH a s affected b y salinization 
--------------------~------------------~------------------4 I I I I 
1 bean 1 corn 1 wheat 1 
~---------r---------~--------~---------~---------~--------~ 
11 salini ty 11 ;j{ H 1 salini ty 1 * H 1 salini ty 1 ;j{ H 1 p I I p I I . p I 
1 levels 1 1 levels 1 1 levels 1 1 
~---------~---------L ________ J _________ L---------~--------~ 
0 5.50 0 5.50 0 5.50 
I 5.55 I 5.70 I · 5.70 
II 5.70 II 6.10 II 6.10 




;j{ pH was measured in 1:5 soil:water suspension. 
The yields, relative to the yield with untreated 
soil, of both shoots and roots of bean, corn, and wheat are 
given in Fig. 5 as a function of salinity. 
Salini~ation affected root growth more than shoot growth in 
the case of beans and corn. The opposite trend was observed 
for wheat. 
The decrease in dr~ matter yield could be related, in gene-
ral, to increase of osmotic pressure of the soil salution 
and to the consequent decrease in available soil water. These 
changes might also lead to a g eneral retardation of enzymatic 
processas and reduction in photosynthesis (KHALI L et al., 
1967). 
Nutritional disorder and, possibly, NaCl taxicity at higher 
salinity levels could be other reasans for such depressiön 
in growth. 
Due to variations in the physiological characteristics of 
the plant species, their toleranee to salinity was in the 
following order : wheat > corn > bean. At 0.8 romhos/cm of 
the 1:5 soil extract, the relative yield of shoots were 68 %, 
34 % and 22 % for wheat, corn and bean, respectively. 
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Statistica! ana l y s is ind icate d a linear regression, 
with negat ive slope , betwee n sal i nity a nd shoot dry matter 
of each erop (Table 7), Further, an-overall analysis was 
performed to find a general r e gression equation . A signifi-
cant difference was found between the regression coefficients 
of the three species, giving further evidence that the three 
species react differently to soil salinization. 
2.3. Trace element contents ----------------------
Trace element contents of the sheets of bean, corn 
and wheat, under the varied salinization conditions, are gi-
ven in Figure 6. 
Beans 
Trace element content and total uptake by beans increased by 
introducing the first dose of salinity. With further saliniza-
tion,· the trace element concentrations decreased, but they 
were never below the level of the control except in the case 
of Fe and Al. Of all the elements studied, Mn showed the most 
pronounced increase with salinization : at the first salinity 
level the Mn content was 3122 ppm, but it was only 769 ppm 
for the untrèated sample. 
Corn : 
Contrary to the case wi th b e ans, trace ele ment content in 
corn increased continuously with increasing s a l i n ity levels . 
Howe ver, t he rate o f the incr e a se was lower at the h~ghest 
salinity l eve l , as observed for Fe, Ni and Co. 
Wh ea t : 
Wi t h increasing s a l in i ty , the c ontent o f Fe and Cu g r adually 
increased , wh i le Mn and Zn concentrat ions inc r e ased up to 
E. C. of 1 .25 romhes / cm (le v e l III ) a nd then decreased but ne t 
b elow the leve l "o f the contro l. Al showed a peculiar tren d , 
since i t decreased at levels I and II but inc reased with 
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studied, Fe and Mn exhibited the greatest response to sa-
linization. The contents of Ni, Co and Mo were below the 
detection limit of the spectrograph. 
The present results on the Mn, Fe, Zn and Cu con-
tent of corn are in line with these of HASSAN et al. 
(1970 b), who concluded that the concentrations of these 
elements increased with increasing salinity. The Fe, Mn and 
Al content of beans agree, to some extent, with the findings 
of LUNIN et al. (1961). However, a camparisen between the 
results of the two experiments may not be tenable, because 
of the differences in salinity regimes and soils used. 
+able 7 summarizes the results of varianee for the 
trace element contents of bean, corn and wheat, in relation 
to soil salinization. In general, a quadratic relationship 
was obtained between each of the micronutrient contents and 
salinity, in the case of beans. 
Linear regressions were found for all trace elements stu-
died for corn and wheat, with the exception of Zn and Mn. 
For wheat, there was no significant relationship between Zn 
content and salinity, while both linear and quadratic regres-
sions were significant for Mn. With regard to Al, its con-
tent decreased linearly in beans and increased linearly in 
corn, but no systematic relation occurred for wheat. These 
results conclusively show that the uptake of trace elements 
as a function of soil salinization is different according to 
the plant species. 
The observed increase of Mn and Fe content, as a func-
tion of salinization, reflected the greater solubility of 
these two elements in the soil (Fig. 7). The increase of Mn 
concentratien in the plants could also be attributed to the 
effect of dominating chloride ions in the synthetic sea water. 
Other investigators (STEWART and LEONARD, 1963 ; HAMILTON, 
1966; JACKSONet al., 1966) reported increases in Mn uptake 
by various plants, when soils were treated with CaC1 2 or 
KCl. 
----~------~-------- --- ... --
Table 7 : Regression equations describing the relationships found between salinity (X) 
and trace element content (Y) of bean, corn and wheat. 
~---------,--- ------,-----------1-----------------------------------------~ · 
l erop l element l "F" values l Regression equation : 
1- --------~-- -------~-----------~-----------------------------------------J 
I I I 'i<'i< I 2 I 
I I Mn I 14.63 I Y =- 3559.0 + 23701.2 X- 21342.9 X I 
I I I I 
~- --------,-------~---,-----------------------------------------, 
: Fe : 1 2 • 3 1 : Y = - 3 8 9 • 0 + 8 1 0 1 • 5 X - 8 5 6 6 • 9 X 2 : 
~-- -------4-----------,-----------------~-----------------------~ 
I I 'i< I · 2 I Bean 1 Zn 1 6.40 I Y = 22.9 + 262.3 X - 233.1 X . I 
1- --------~-----------~-----------------------------------------~ I I 'i<'i< I 2 I 
I CU I 6 7 • 7 1 I Y = - 6 • 4 + 91 • 3 X - 8 8 • 3 X . I 
I I I i 
~--------- ~--- ---- ~---,-----------------------------------------, 
: Al : 7 • 6 4 : Y = 112 • 0 - 4 3 • 3 X : 
1----------~---- ------_, ___ ---------------------------------------4 
I I I 'i< I - _ · I 
I I D.M. 1 69.54 1 Y- 5.9 - 6.4 X 1 
I I I 'i<'i< I . I 
I I Mn I 162.66 I Y = 161.8 + 944.0 X I 
: :----------:----- --~---i------------------------------------------{ 
I I Fe I 10 04 I Y = 66 9 + 73 7 X I I I I • I • • I 
1 ~----------r----------,------------------------------------------4 
I I I 'i<'i< I I 
1 Corn 1 Zn 1 44 .20 I Y = 17. 1 + 45.1 X 1 I 1 ----- ----~-----------~-----------------------------------------~ I I I 'i<'i< I I 
I I CU I 41 • 4 0 I Y = 3 • 6 + 9 • 1 X I 
: :-------- --~------ ;-- - i------------------------------------------{ 
: : Al : 7 • 6 1 : Y = 3 5 • 9 + 3 5 • 7 X I 
1 ~----------r----------,------------------------------------------4 
I I I 'i< I - I 
1 1 D.M. 1 37.92 1 Y = 8.5- 6.6 X 1 
I I I I I 
I I 'i<'i< I 2 I 
I Mn 1 1 8 . 1 6 1 Y = 11 0 • 0 + 5 5 7 • 4 X - 1 9 9 • 4 X I 
L---------L----------J-----------------------------------------J I I 'i<'i< I I 
I Fe I 5 2 • 9 0 I Y = 7 2 . 9 + 2 7 • 5 X I 
I I I I 
~- ---------r----------,-----------------------------------------4 
Wheat l Zn I 3.01 : no significant relation l 
1- ---------~----------~-----------------------------------------~ 
I I ** I I 1 Cu 1 14 • 51 1 Y = 11 • 1 + 3 • 3 X I 
~----------L----------J------------------------------------------1 I I I I 
1 Al 1 2. 52 1 no significant re lation I 
I I . I I 
r---------r----- -----,-----------------------------------------~ 
I I 'K'i< I - - I 





X = salinity expressed in 
rnmhos/cm of the 1:5 extract 
Y = Trace element content 
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The increa se of Cu and Zn content, in spite of. their prac-
tically unchanged mobility in soil, could be seen as an en-
hancement of their uptak e by t 6 e ap~lied salts, or as a 
consequence of the s maller tota l plant growth. The enhance-
ment of trace element uptake by the addition of other ions 
to the growth medium was reported by some workers. For example, 
the presence of small quantities of Ca in the nutrient medium 
enhanced the net uptake of Mn by oats (VAN DIEST and 
SCHUFFELEN, 1966). For such phenomena, YOSHIDA (1964) assumed 
the existence of a special carrier enhancing K absorption, 
when small amounts of Mg were added to root medium contain-
ing K. 
The ratios of trace element concentrations in shoots 
and in roots for Mn, Fe, Zn and Cu were calculated for bean, 
corn and wheat (Fig. 8). This ratio is assumed to be an index 
of element translocation. An increase in this ratio can be 
ascribed to (1) an increase in the translocation of the ele-
ment from root to shoot and/or (2) a decrease in the element-
concentratien in the root. In general, the concentratien ra-
tios of the trace element cations increased with salinity, 
while at higher salinity levels the ratios of Mn, Fe and Cu 
decreased in . case o f beans. Such increase in the concentr atien 
ratios could be an indication of increase in the transloc a tion 
of these el e ments within the plants, since it was found t h a t 
the root contents of t hese elements incre ased with saliniza-
tion. The observed increase in Ni, Co, Mo and Al content wi t h 
salinization mig h t be due to enha nc emen t of their uptake or 
to an increase in t heir translocation wi thin the plant. 
Regard ing the dec rease in t r a ce e l ement cont ent at 
higher s alinity l eve l s , t he foll owing fa c t ors s eem to be i n-
volved 
1 . The h a r mfu l ef f e c ts o f salinity on s ome physiolo-
g i c a l f u nctions o f the plant , as i ndi c ated b y t he d ec r ease 
i n root weight , and the consequent reduction in water abso rp-
t ion and transpiration rates. 
GLADSER and J ENNY (19 6 0 a ) a nd WALLIHAN and GARBER (1968 ) 
reported tha t the u ptake o f Fe depends on close contact between 
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root surfaces and Fe-bearing soil particles. HASSAN 
et al. (1970 a) related the decrease in Cu uptake by corn, 
with increasing salinity, to the reduction in root growth 
and surface area. It is noteworthy that a substantial depres-
sion in bean root development occurred with salinization 
,(also .due to lower air content) and that this change coincided 
with a serieus decrease in trace element content. 
Increasing the arnounts of ions arriving at the root 
surface by rnass flow (EATON and BERNARDIN, 1964 ; BARBER et. 
al., 1966) orjand accelerating the positive·transfer of ions 
frorn the soil across the root (HYLMO, 1958) rnight be account-
ed for by an increased rate of transpiration. Recently, high-
ly significant positive correlations were found (NAMBIAR, 
1970) between the volurne of water transpired by rnaize and 
bean, and the uptake of Mn, Fe, Zn, Cu and Al. Therefore, in-
versely, depression in transpiration at higher salinity levels 
rnight be ene reasen for the observed reduction in trace ele-
ment content. 
The decrease in the Fe and Mn content of beans at 
higher salinity levels (II & III) was accompanied by higher 
soluble fractions in the soil ~see Part 1) . This rnight be re-
lated to differences in the effective soil volurne in contact 
. with plant roots and chemica! extractants. An extractant can 
reach most of the soil volume, while plant roots, even in 
norrnql conditions, can come in contact with as lew as 3 % of 
the soil volurne (BARBER et al., 1963). Furthermore, the dis-
salution of elernents by plant roots, eeropared to extractions, 
rnight be lower especially when acid extractants are used. In 
this respect, it is normal that extractants rnobilize more of 
the elements than plant roots can take up (NAIR and COTTENIE, 
1969). 
2. At higher salinity levels, the applied salts might 
cause severe antagoni sm. 
The absarptien of a given ion is known to be affected by the 
presence of ether ions. The applied Na, Mg and, to a lesser 
extent, Ca ions rnight compete with trace elernents for absorp-
tion sites at t he root surface. 
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With regard to the variability between plant spe-
cies, it appears that the difference in their salt toleranee 
corresponded to their uptake of trace elements. With sensi-
tive plants (beans), the increase of salinity up to 1.6 g 
salt/~g soil (level III) resulted in a considerable decrease 
in trace element content, while with the more tolerant plants 
(corn and wheat) , there was still a continuous increase in 
their trace element content, even when twice the amount of 
salt was added. In addition, differences between species in 
their ability to extract trace elements from the soil and in 
their roetabolie requirements should account for the observed 
variaticris in trace element uptake under saline conditions. 
It is necessary to point out that in such investi-
gations where there are considerable variations in dry matter 
production, as a function of treatments such as salinization, 
attention should be paid to trace element content, despite 
the so-called "dilution effect". 
This suggestion is made because the great reduction in vege-
tative yield results in decreased values of total uptake, 
when calculated as ~g/pot, and may give a different pattern 
from that obtained when concentratien values in ppm are 
concerned. 
Salinizatibn with synthetic sea water means that a 
mixture of salts is added, which consistsof 78 % Na, 17 % 
Mg, 3 % Ca and 2 % K. Under such salinity conditions, it is 
difficult t o assess the antagonistic effect of a specific 
ion on the uptake of trace elements by the plants . 
Therefore, the following part deals with the specific effe c ts 
of salts on the uptake of micronutrient cations by corn. 
3. CONCLUSIONS 
- Moderate s alinization o f soils, by slightly saline irri-
gation water or by other factors, may enhance the uptake 
of trace elements. 
- Of the seven el ements studi ed, Mn conte nt showed the most 





- With considerab le s alinization, the more sensitive the 
plant is to salinity, the greater the r eduction of trace 
element uptake will be. 
- The results on salinity-trace element interactions, ob-




EFFECT OF SINGLE AND COMBINED SALT APPLICATION ON 
TRACE ELEMENT UPTAKE BY CORN (ZEA MAYS) 
1. EXPERIMENTAL DETAILS 
In order to evaluate quantitatively the specific 
effect of individual salts on the absorption of micronutrient 
cations, a pot experiment was performed in which NaCl, cac1 2 , 
Mgcl 2 , a 1:1:1 mixture of the three chlorides, Na 2so 4 , Mgso 4 
and a 1:1 mixture of the two sulfates· were added separately. 
The experiment was conducted under greenhouse conditions in 
July 1968. 
The required amount of each salt, or mixture of salts, was 
dissolved in 80-ml of distilled water and added one week .af-
ter sowing the corn seeds. Hence, the salt concentration 
(in g/kg soil) was the same for the seven treatments of each 
salinity level. The levels of salinization and the conducti-
vities of the treated soil are given in Table 8. 
Each plastic pot received 0.10 g N and 0.05 g of P 
and K, applied as NH 4No3 and KH 2Po 4 • (This rate is approxi-
mately equivalent to 448 kg N/ha and 224 kg P or K/ha). 
The soil was thoroughly mixed with the fertilizer solutions 
and potted at the rate of one kg soil (air-dry basis) per pot. 
Six corn seeds were sown per pot and thinned to three plants 
after germination. All treatments were replicated three times, 
and a control receiving only distilled water (and fertilizers) 
was used. During the growth per iod, the moisture content of 
the soil was maintained at fi e ld capacity by adding distilled 
water when necess~ry. The 67 pots were placed on benehes in 
greenhous e in random o r der. Plants were cut 1-cm above th~ 
soil surface 30 days af ter sowing, dri ed at 70°C and weighed 
for dry matter,· ground and ashed at about 450°C. 
The soil used i n the present experiment and t he analytical 
procedures wer e similar to these reported i n Part 2. 
Table 8. Salinity levels expressed in g salt added per kg soil and romhos/cm in 
the 1:5 and saturation extracts 
----------.-------,----------------------------------------------------------------------------------------; : l g s a lt l E.C.* in romhos/cm l 
1 
Sal i nity 1 added r---------------------------------------------------------------------------------------~ I 1 1 I I I , I I I , I 
: levels 1 pe~ kg 1 NaCl 1 CaC1 2 1· MgC1 2 1 Cl-m~xture 1 Na 2so 4 I MgS0 4 l S0 4 -m~xtur~ 
I l SO~l ~-----~-----i-----~------l------Ï-----r----Ï------i------r-----i------~-----Ï-----Ï-----1 
: I 11 I 2 I 1 I 2 I 1 I 211 I 2 I 1 I 2 I 1 I 2 I 1 I 2 I 
1 1 I I I I I I I I I I I I I 1 
1---------,--------r-----r-----,-----,------,------r-----r----~------~------~-----~------;-----~-----;-----; 
: 1 I I I I I I I I I I I I I I I 1 
0 1 1 1 I I I I I I I I I I I I I 
: t l I 0 .00 I 0.25 I 0.60 I 0.25 I 0.60 I 0.251 0.6010.25 I 0.60 I 0.251 0.60 I 0.25 11 0.6011 0.2511 0.60 11 W I COn ro 1 I I I I I I I I I I \.0 
1 1 I I I I I I I I I I I I I 
l I : o.75 o.56: 3.7o: o.59: 4.oo: o.61l 5.3o:o.59: 5.20: o.55l 3.oo: o.5o l 2.30: o.51: 2.40: 1 
: 1 1 I I I I I I I I I I I I I 
1 I I I I I I I I I I I I I 
II 1 1.50 0.87 1 5.70 1 0. 90 1 6.501 0.90!10.001 0.90 I 9.00 I 0.741 4.50 I 0.72 I 3.80 I 0.73 I 3.60 
I I I I 
I I ! I 
1 III I 3.00 1. 46 I 12.80 I 1.45 I 14.50 I 1.55115.4011.50 I 15.0011 1.10 11 7.0011 1.07 11 5.0011 1.10 
1
1 5.30 I I I I I I I I I 
I 1 1 1 I I I I I I I I I I I I 1-----------------------------------------------------------------------------------------------------------
* Electrical conductivities were estirnated in soil samples taken from pots, 
i~~ediately after harvesting 
1. E .C. o f the 1:5 soil:water extracts 
2. E .C. of the saturation extracts 
Osmotic pressure at salinity level III Na Cl = 4.6 atm. 
Na 2so 4 = 2.5 atm. 
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2. RESULTS AND DISCUSSION 
In general, a gradual decrease in dry matter yield 
occurred with increasing salinization. At the lewest salinity 
level, the decreases in dry matter, with different salts, 
were almest identical. With increasing salinity, however, 
chloride salts depressed corn growth more than the sulfate~ 
did (Fig. 9). This effect was verified statistically. The 
results obtained (Table 9-e) indicate that dry matter de-
creased lineary with all the chloride salts, while quadratic 
regressions were found in the case of sulfates. 
It was found that the electrical conductivities of the chlo-
ride-treated soils were higher than these containing sulfa- · 
tes (Table 8). The depressed growth with chlorides could be 
ascribed to higher osmotic pressure, in cernparisen to that 
with sulfates, at equal salt concentrations. 
KELLEY ( 1963) postulated the same differences in osmot·ic ' 
pressure with Cl- and so4-salts. 
Of the chlorides, NaCl depressed corn growth more than cac1 2 
or MgC1 2 did. Of the sulfates, Na 2so4 resulted in a greater 
dry matter reduction than Mgso 4 . The considerable harmful 
effect of Na-salts, when present in high concentrations, 
could be due either to taxicity or t o reduction in moisture 
transmi ssion, aeration and seedling emergence. 
2.2. Trace element content ---------------------
Results on Mn, Fe, Zn and Cu concen t rations in corn 
are given in Figure 9. Fig. 10 gives details of the relation-
ship between Mn in s o il and in plants for the different salt 
applications. 
Increasing the single and mixture salt a~ditions to 
1.5 g salt/kg soil generally resulted in an increase in the 
trace element content of corn. For Mn, Fe and Cu, chloride-
salinization resul ted in a ~igher trace element content, when 
·~·--· .... --- -- .. so 
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Fig. 9 Specific effect of salts on trace element contents and dry matter production of corn 
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compared to that of sulfates. An opposite pattern was ob-
served for Zn. The proportion of the increase in trace ele-
ment content, with Cl-salinization, was very high with Mn 
and decreased in the order : Mn > Cu > Zn > Fe. By introdu-
cing the same quantity of cac1 2 (level II), the increase in 
trace element content amounted to 225, 77, 49 and 45 % for 
Mn, Cu, Zn and Fe, respectively. 
With moderate salinization (level II), Mgcl 2 caused 
more antagonisms (i.e. less trace element content) than NaCl 
towards Fe, Cu and Zn, while an opposite . trend was observed 
with Mn. The expected greater competition of Mg++ ions might 
be counterbalanced by the greater availability of Mn++ with 
MgC1 2 addition (Water-soluble Mn ,.,as 22.5 ppm with MgC1 2 and 
10.0 ppm with NaCl). However, such competition could remain · 
more effective with Fe, Zn and Cu, since their availabilities 
in the presence of MgC1 2 or NaCl were practically similar 
(Part 1) . 
At the highest salinity level (III), a significant 
decrease in trace element content occurred and this was more 
pronounced with Cl-salts. Of the Cl-salts, the depressive 
effect o f MgC1
2 
was much greater than that of cac1 2 for all 
.the elements studied. With the 804-salts, the effect was 
somewhat different ; the decrease in Fe and Mn content was 
grea~er with Na 2so4 and Zn and Cu concentrations decreased 
more wi th MgS O 4 . 
In general, the application of salt mixture (Cl or 804 ) re-
sulted i n a less antagonistic effect, than with application 
of single salts. 
Manganese : 
With increasing salinization to 1.5 g/kg soil, the 
plant content o f Mn followed almost the same ~attern as Mn 
solubili zation in the soil, i.e. the higher the water-solu-
ble Mn levels were in the soil , the higher was the plant con-
tent (Fig. 10). It is observed from Fig. 9, that Mn content 
increased by addition of salts, in the order : cac1 2 > 
MgC1 2 > NaCl, and to a lesser extent Mgso 4 > Na 2so4 • The in-
crease of water-soluble Mn when these salts were applied to 
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Fig. 10 Mn content in corn and water soluble Mn in soil, as affected by single salt addition 











the same soil had the sameorder (Part 1). 
At higher salinity levels, Mn content significantly 
decreased, even though the available fraction was still 
increasing (especially with Cl-salts). This decrease could 
be attributed to great competition b~tween the applied salt 
and Mn++. In addition, reduction in root growth and salt 
taxicity could be other causative factors. 
The present results on higher Mn content with Cl-
salts, than with so4-salts, are in agreeme~t with the pre-
vious findingsof YORK et al. (1954), STEWART and LEONARD 
(1963), JACKSONet al. (1966) and HAMILTON (1966). CHENG 
and QVELLETE (1968), however, found more Mn in plants after 
addition of sulfates than with chlorides. 
Iron and copper : 
In spite of the higher acid-extractable Fe after 
treatment with so4-salts (Part 1), the application of chlo-
rides increased the Fe content of plants more than sulfates 
did. A higher content of Cu was also observed with Cl-sali-
nization, while the degree of Cu-solubilization in the same 
soil was almost identical when Cl- or so4-salts were applied. 
Hence , it appears ~hat plant absorption of Fe and Cu did not 
correspond with their mea s ured availability under these 
saline conditions. 
This finding indicates that Cl ions might have 
favoured the uptake of trace element cations, due to the 
higher mobility of Cl in the soil. Another possibility is 
that Cl and so4 ions might influenc e , in different ways, 
the movement of Fe and Cu inside the plants as well as to the 
root surface i n the soil. 
Three main mechanisms were proposed (BARBER, 1962 
BARBER et al ., 1962 ; 1963) by which ions in ~he soil can 
reach the root surface of a growing plant. These are root in-
terception, mass flow, and diffusion. Root interception and 
mass flow always t a ke place ., but whe n the two mechanisms do 
not meet plant r e quiremen t s , a concentratien gradient will 
- 43 -
be created and di ffusion toward the roots takes place. 
OLIVER and BARBER (1966) reported that diffusion was the 
most important mechanism for supplyihg Mn, Fe and Zn to 
plants. ELLIS et al. (1970) found that the diffusion rate 
of cuc1 2 in the soil was higher than that of cuso4 • There-
fore, for elements having a low mobility in soils, such as 
Cu or Fe, an increase in their diffusion rates toward the 
root surface when associated with Cl (rather than with 
so4 ) , may explain why the plant content of Cu or Fe was 
higher in the presence of Cl-salts. 
The observed decrease in Fe content, at the highest level 
of Cacl 2-salinization agrees with the results reported by 
TAPERand LEACH (1957) and BROWN et al. (1960), where they 
state that high Ca levels can decrease the uptake of Fe, 
due to serieus cornpetition with Fe++ for binding sites. 
Zinc 
The higher Zn content with sulfate-salts, when com-
pared to that with chlorides, looks rather strange. From the 
results obtained, no satisfactory explanation could be given 
for this phenomenon. Perhaps, the slight decrease in soil 
pH by so4-sa linization (Part 1) may have enhanced Zn availa-
bility in the soil (and its consequent uptake) to some ex-
tent, which could not be traeed by 0.1 N HCl extraction. The 
considerably greater increase in Zn concentratien with in-
creasing Na 2so4 , compared to that of Mgso 4 , could be related 
to higher antagonism of Mg++ ions . 
The greater Zn content which accompanied cac1 2 application 
is consistent with the findings o f STEWART and LEONARD (1 963 ), 
who showed that cac1 2 was super ior to some other salts i n 
increasing uptake of Zn by citr us trees. 
They stated however, that the mechanisms involved in the 
increase o f Zn uptake by cac1 2 were not fully understood. 
Statistica! anallsis was conducted to evaluate the 
specific effects of salts and Lhe relationships between 
single-salt salinization and each of the trace element con-
tents. The results (Table 9 ) c~n be summarized as fellows : 
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Table 9. Calculated "F" values, and regressions descrihing 
the effect of salts on dry matter yield and 
trace element content of corn. 
a. Iron 
_______________ ï ___________ ï _________________________________ _ 
souree of 1 1 















y = 129.9 + 20.8 x 
Y = 126.4 + 88.9 x - 35.8 x 2 
Y = 132.6 + 69.9 x - 34.1 x 2 
2 y = 126.7 + 38.4 x- 13.3 x 
y = 150.4 - 15.1 x 
y = 140.5 - 11.3 x 
:1{ 







Na Cl 68.99 ** y = 562.7 + 536.7 x 
C~Cl 2 101.15** y = 568 .8 + 1647.6 x - 468 .5 x 2 
MgC1 2 
133.98** y = 551.4 + 1641.2 x - 528 .8 x2 
Cl-mixture 53.52** y = 596.4 + 1343.1 x - 334.3 x2 
Na 2so4 <1 .00 No significant 
regression 
MgS0 4 7.8o** 
y = 598.1 + 114.1 x 
so4-mixture * 92.4 5.11 y = 617.2 + x 





























72.9 + 15.0 x 
70.7 + 38.8 x 11.8 x 2 
71.2 + 34.7 x- 12.8 x 2 
74.4 + 8.2 x 
77.0 + 72.2 x - 19.8 x2 
Y = 75.6 + 36.9 x -·11.3 x 2 
























y = 12.3 + 3.6 x 
y = 11.8 + 12.8 x - 4.0 x2 
y = 12.5 + 12.0 x - . 4. 5 x2 
y = 12.1 + 9.3 x - 2.7 x2 
Y = 12.9 + 4.5 x - 1.6 x 2 
No significant regression 
No significant regression 
--------------~--------------~-------------------------------


























5.8 - 1.5 x 
y = 5.9 - 1.5 x 
Y=5.7 l.6X 
Y = 6.0 - 2.2 x + 0.4 x 2 
Y = 6.o 2.3 x + 0.5 x2 
y = 6.0 - 1.9 x+ 0.3 x2 
--------------~------------~-------------------------------
~significant at 5 % level 
Y = trace element content 
X = s a linity expressed in 
~~significant at 1 % level 
expressed in ppm in dry matter 
g salt added/kg soil 
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- For each element studied, the differences between the 
concentrations after salt treatments were significant. 
- The relationship between Fe, Mn, Zn or Cu content and 
Cl-salinization could be expressed by quadratic regres-
slons, except in case of NaCl, where a linear regression 
was found due to the fact that the depressive effect of 
the highest salinity level (III) could not be included 
in the calculations. 
- There was no similarity between the effects of so 4-salts 
on trace element content ; since each salt had a different 
influence on each trace element. For example : saliniza-
tion with Mgso4 gave a negative linear regression with Fe, 
a positive linear regression with Mn, a quadratic regres-
sion with Zn and no significant regression with Cu. 
3. CONCLUSIONS 
- Trace element uptake from saline soils is greatly affected 
not only by the salt cation, but also by the anion. 
- The effect of salts on trace element absorption depends 
on the concentratien of the salt in the soil and its 
specific effect on the uptake process. 
- At moderate salinity, plant contents of Mn, Fe and Cu were 
higher with chlorides than with sulfate salts. 
The opposite pattern was found for zn. At higher salinity 
levels, MgC1 2 was found to be the most antagonistic salt. 
- Under saline conditions, plant absorption of Fe, Mn, Zn 
and Cu does not always correspond with their measured 
availability in the soil. 
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CHAPTER II 
A SALINITY-FERTILITY INTERACTION STUDY ON CORN, WITH VARYING 
LEVELS OF Fe AND Mn 
1. INTRODUCTION 
Increasing the productivity of salt-affected soils, 
a necessity in many countries, may be possible through fer-
tilizer treatments. Interactions between salinity and major-
element fertilization, especially N and P, have been studied 
by several investigators. 
LUNIN et al. (1964) and LUNIN and GALLATIN (1965, a and b) 
indicated that the effects of salinity on the growth and che-
mical composition of plants were influenced by fertilization. 
They stated that yields generally decreased with increasing 
salinity, but at any given salinity level, yields were grea-
ter at high fertility levels than at low ones. 
They further pointed out that increasing salinity resulted 
in a decrease in P content and an increase in N content of 
bean sterns, whereas in leaves N content decreased at low fer-
tility levels and ·was relatively unaffe cted at high levels. 
Their findings disclosed that the relationships between sali-
nity and fertility variables are rather complex. In similar 
studies on cotton, AMER and co-workers (1964) reported that 
N recovery was greater for nonsaline than for salt-affected 
soil. KHALIL et al. (1967) al so found a decrease in the 
response of corn and cotton to N fertilizers in saline soil. 
They concluded that the poor response to fertilizer applica-
tion on saline soil, was attributed mainly to decreased 
photosynthesis and poor utilization of photosynthate in the 
presence of high osmotic pressure in the root medium, and 
secondarily to disturbed inorganic nutrition. 
From the limited literature on the subject, it 
appears that the factors involved in the salinity-fertility 
interaction aTe still not well understood . As in the case of 
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macroelements, it was thought that the response to micro-
element applications on nonsaline soils may be different 
from that on saline soils. The present study was conducted 
to obtain additional information on the effects of the 
interaction between salinity and Fe & Mn fertilization, on 
the uptake of these elements, as weli as the interrelations 
between Fe and Mn and other trace elements. 
Iron-manganese relationship 
Interrelations between micronutrients have received 
the attention of several authors. In this respect, the anta-
gonistic effect between Mn and Fe is a well-known problem in 
plant nutrition. In earlier studies, SHIVE (1941) and SOMERS 
and SHIVE (1942) stated that the ratio of Fe/Mn in nutrient. 
medium for soybeans, and presumably for other species also, 
should be between 1.5 and 2.5 to assure optimal plant growth. 
If the ratio is higher than 2.5, symptoms of Fe toxicity 
{= Mn deficiency) would occur ; if it is lower than 1=5,,~he 
plant would suffer from Mn toxicity (= Fe deficiency). 
MORRIS and PIERRE (1947) found that the growth of lespedeza 
was affected by the absolute levels of Fe and Mn rather than 
by their ratio. However, othe rs (see the review by MULDER 
and GERRETSEN, 1952) showed that both the concentratien and 
the ratio were important i n attaini ng optimal g rowth. 
An increase in the Fe supply to plant s may d e pre ss 
the uptake o f Mn and vice versa, but the inte ns i t y o f t he 
e ff ec t might d iffer . Using radioa c t ive iron Fe59 , SIDERI S 
(1950) f ou nd that in cultures suppl ied wi t h Mn , the tran sla -
cation o f Fe from roo t s to leav e s wa s con s iderably i mpeded . 
TOTH and ROMNEY (1954 ) applied radio a c t ive mangan e s e Mn 54 
to s oybeans in a culture solution and s howed that high l eve l s 
o f Fe reduced the Mn content of the leaves and inc reased the 
Mn content o f the r oot s . Similar results weré reported by 
BOLLE-JONES ( 1955), who concluded that application o f Fe r e-
duced the. uptake of Mn by potato plants. 
The antagonism between Fe and Mn wa s shown to exist in other 
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plant species. It was reported to occur in tornatces by 
TWYMAN (1959) and RICKELS and LINGIE (1966), in barley and 
rice by VLAMIS and WILLIAMS (1964) á.nd in cotton plants by 
HELEN VRETTA - KOUSKOLERA and KALLINIS (1968). 
In some cases a pattern opposite to the well-known 
Fe-Mn antagonism was also described. MCGEORGE (1948) and 
SCHMEHL et al. (1950) reported an increase in Mn uptake by 
the application of Fe as ferrous sulfates to soils. BOKEN 
(1955) found that both extractable Mn and Mn uptake by barley 
increased with addition of Fe as ferrous sulfate or chloride. 
She suggested that addition of ferrous sulfate could influence 
the Mn status of soil in two ways, by oxidation of Fe++ to 
Fe+++ ions, whereby at the same time.higher oxides of Mn 
may be reduced, and by replacement of divalent Mn from soil 
colloids by Fe. Later, the same author (1956) concluded that 
the increase in the available Mn by Feso4 addition was main-
ly due to reduction of high Mn oxides, since ferrous sulfate 
was as effective as hydroquinone in releasing manganese. More 
recently, SINGH and PATHAK (1968) obtained similar results, 
in which application of ferrous sulfate increased the avai-
lability of Mn to plants. This was attributed to oxidation 
of ferrous iron to the ferric form, and reduction of Mn from 
tetra- and tri-valent forms to divalent ones. 
2. EXPERIMENTAL DETAILS 
Six corn plants (zea may~) were grown in plastic 
l o~ 
pots containing 1-kg of sandyYsoil from Melle Experimental 
Farm (described in Chapter I). Two series of treatments were 
performed (a) three levels of salinity combined with 4 
levels o f Fe : 0, 5, 10 and 15 ppm , added as Feso4 . 7H 2o . 
(b ) The same salinity levels combined with 4 levels of Mn 
0, 15, 30 and 45 ppm, added as MnS0 4 .H 2o. 
The three salinity levels were produced as follows 
- a control "0" receiving only demineralized water 
- two treatments "I" and "II" with diluted synthetic sea 





The total salt additions were, respectively : 0, 1.0 and 
2.0 g/kg soil (Table 10). The saline water was applied one 
week after sowing, the volume applied being 80-ml per pot. 
Table 10. Salinity levels 
I 1 . . l l I I I I I Sa lUl ty eve S I 0 I I I II I 
~----------------------------------------~-------1------L-----J 
g salt added/kg soil . • • . • • • • • • . • • • • • 0.00 1.00 2.00 
E.C. of the salty water added, . ..... 0.006 16.00 21.00 in mmhos/cm ......................... 
E.C. of . the 1:5 soil:water extract, •• 0.26 0.64 1. 00 in mmhos/cm .......................... 
Each pot received 0.075 g N (as NH 4No3 ) and 0.050 g 
of both P and K (as KH 2Po4). These rates are approximately 
equivalent to 336 kg N/ha and 224 kg of P and K per hectare. 
The required amounts of Feso4 , Mnso 4 and NPK salts were dis-
solved in a volume of water sufficient to ràise the water 
content of the soil to field capacity. These solutions were 
thoroughly mixed with the soil, and the mixture was incuba-
ted in the pots for one week before sowing. Each treatment 
was replicated 4 times, giving a total of 84 pots. 
The pots were placed on benches, in greenhouse, in a com-
pletely r a ndomized design. The seeds were sown on the 18th 
of September 1968, thinning to 3 .plants per pot wasdoneon 
the 25th of September, and plant tops were harvested on the 
25th of October. The plants were dried at 70°C, weighed for 
dry matter yield, and ashed at about 450°C. 
Plant analysis 
Plant ash was analysed for Fe, Mn, Zn and Cu as follows : 
100-mg of plant ash were placed in a silica dish, and evapo-
rated to dryness twice with 2.5-ml of 6 N HCl. The residue 
was dissolved in 10-ml of 0 .1 N HCl, and filtered into a 
25-ml calibrated flask. The residue collected on the filter 
paper was washed with small volumes of hot deionized water 
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until the volume of the filtrate was about 20-ml. Finally 
the flasks we re filled to 25-ml with cold water (DAVID, 
1962). The filtrates were analyzed f6r Fe, Mn and Zn by 
atomie absorption, standards being prepared in a synthetic 
plant-ash solution with the required dilutions (DAVID, 1958). 
In the case of Cu, 10-ml filtrates were placed in 20-ml test 
tubes, and 1-ml of 1 % aqueous solution of ammonium pyroli-
dine dithiocarbamate and 5-ml of methylisobutyl ketone were 
added. The mixture was shaked and Cu was determined in the 
organic layer with atomie absorption. The standard solution 
was prepared in the same manner (ALLEN, 1961). 
3. RESULTS AND DISCUSSION 
Dry matter significantly decreased with salinization. 
The application of either Fe or Mn had no significant 
influence on dry matter yield at any salinity level. The pre-
sent results indicate that applications of Fe and Mn could 
have a greater effect on the uptake of these elements than 
on erop yield. 
Increasing salinity, without trace element applica-
tions generally resulted in an increase of Fe, Mn, Cu and Zn 
contents of corn ; however, t he r ate of increase was lowest at 
the highest salinity level (Ta bl e 11). The e f f ect of soil s a lini-
zation on t rac e elemen t avai lab i lity and u ptak e wa s discussed 
in deta il i n Cha pter I . Here o n l y the F e a nd Mn f e rtilization 
and their i n t eraction with s a l i n i ty will b e considered. 
3 . 2 . 1 . I ron : 
On nonsaline soil , Fe ferti lization incr ea s ed the F e 
c onten t o f corn. In contrast, when s o il was s al i n i zed , a 
drasti c d e c rease in F e content occurred with inc reasing doses 
o f Fe (Fig. 1 1 ) . By a d d i ng 15 ppm Fe, the Fe c o n tent i ncreas-
ed with about 23 % on nonsaline soi l and decreased with 25 % 
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at the highest level of salinity. Statistica! analysis sho-
wed a linear positive rela tionship between Fe applications 
and Fe contents on the nonsaline soil and a negative linear 
regression on the salt-effected soils (Table 12-b). 
The deciease of corn respons~ to Fe fertilization 
on the salt-affected soils can not be attributed to reduc-
tion in Fe availability, since it has been shown (Chapter I) 
that salinization with synthetic sea water slightly increas-
ed extractable-Fe. Therefore, this decrease in response 
should be related to other factors of the interaction between 
Fe and salinity. 
Absorption of an element by plant roots depends on different 
factors, such as the arnount of the element available at the 
root interface and the cornpeti tion between the element con-
cerned and interfering salts. Thus, cornpetition between salts 
and Fe and depression of plant functions rnight be a reason 
for this decrease in Fe content when Fe was supplied. Another 
factor could be the toxic effect of excess Fe on poorly 
growing plants. 
The present result s for Fe are in line with those of 
LUNIN and GALLATIN (1965-a ). These authors also obser ved a 
decrease in the P content of beans under saline conditions 
at higher fertility levels of pho s phorus. 
Application of rnanganese sulfate on nonsaline soil 
resulted in a slight increase of the Mn concentratien in the 
plants , but no significant regression was found. In contras t 
to Fe, the Mn content o f corn plants inc reas ed with Mn fer-
tilization, in terros of a quadratic regression at salinity 
level I and a linear regression a t salinity level II. (Fig. 
11 and Table 12-b ). In other words, the addi t ion o f 15 pprn 
Mn increased the Mn content of corn by 3.0, 29.0 and 35 % 
at salinity levels 0, I and II , respe ctively. 
Behaviour similar to that of Mn was reported by LUNIN and 
GALLATIN (1965-b), who investigated the interactive effects 
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The different patterns of Mn and Fe absorption, as 
a function of element fert ilization and salinity, might be 
ascr ibed to the relative increase in Mn availability by 
salini zation, as compare d to tha t of Fe (see Chapter I). 
Such a high increa se i n Mn availability would counte rbalance, 
to some extent, the harmful effects of salinity and enable 
the plants to accuroulate more Mn under saline conditions. 
Fe-Mn relationship : 
On the nonsaline soil, the ~ncrease in Fe supply resulted in 
an increase in Fe content of corn and a decrease in Mn con-
centration, and vice versa (Fig. 12). Meanwhile, increasing 
Fe applications from 0 to 15 ppm decreased the Mn/Fe concen-
tratien ratio in plants from 4.37 to 3.24, while increasing 
Mn supply from 0 to 15 ppm raised the Mn/Fe ratio from 4.37 
to 6.13. This behaviour could be attributed to the antago-
nistic effects of the two ions. It also indicates the impar-
tanee of the Mn/Fe ratio of growth media and its resultant 
effect on Mn and Fe absorption by plants. 
The observed antagonism between Fe and Mn is in accordance 
with tha t ment i oned by several authors (see Introduction). 
However~ it di sagrees with the relat ionship f ound by BOKEN 
(1955 and 1956) and SINGH and PATHAK (1968), where ferrous 
iron application increased the uptake of manganese. 
In camparing the competitive effect of Mn o r Fe 
supply, it appears that Mn was more harmful, since the addi-
tion of 15 ppm of Mn decreased Fe content by 26 %, while the 
addition of the same dose of Fe decreased Mn content by 
o~ly 9 %. It is also evident, from the statistical analyses 
(Table 12-a) that Mn fertilization significantly decreased 
Fe absorption, while no significant effect on Mn content 
occurred with Fe application. A quadratic regression was 
found betwee n Fe content (Y), in ppm in dry matter, and Mn 
levels (X), in ppm in soil, : 
Y = 131.2 - 21.9 x+ 5.3 x 2 
The present results on the competitive intensity of Fe or 
Mn coincide with the findings of AGARWAL et al. (1964) and 
Table 11. Interactive effec~s of Fe & Mn fertilization and soil salinity on trace 
element content of corn 
~--------------------------------------------------------------------~--------------, 
: ppm in dry matter : 
1-------------------~---------------------,---------------------~--------------------l l Fe : Mn l Cu l . Zn l 
--------- -------~--------------------1----~----------------~---------------------~-------------------~ I I' I I I I I I I I t I I I 
I 1' · 1 1 I I I I I I I I I I 0 I I I. 1 Sa 1.n1. ty eve S 1 0 1 I 1 II 1 {) 1 I 1 II 1 0 1 I 1 II 1 1 I 1 II 1 
L---------------~ ------~------~-----~------~------~-------~------~------~-------~------~------~-----~ I I 
I I . 
tTreatments 1 
:Fe ppm l 
: 0 125 144 : 130 
: 5 145 125 : 110 
I I 
I 10 14 7 111 I 94 
I I 
: 15 154 115 : 97 
I I 
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546 774 822 
564 1000 1107 
632 1112 1205 








11.4: .9.4 67 103 87 : 
I I 11.3 I 7.9 63 112 96 1 
I I 
10.2: 9.4 63 89 97 : 
I I 






Table 12. Effect of Fe & Mn fertilization and soil salinity 
on trace element content of corn 
a. Analysis of · variance 
----------------------------------------------------------------~------· I I I I 
1 Calculated "F" values 
1 Souree of 1 1 1 I I df 1-----------------------------------·---------------l , , I I I I Z I 
1 var~at~on 1 1 Fe 1 Mn 1 Cu 1 n 1 
I I I I I I 1 
•-----------------r---,-----------,-------------,-----------r--------~--, 







L. 41.09 I L. 247.19 I L. 7.25 IL. 49.71 , I 
I I I I 
I F f t'l' t' I 3 I 4 30f< I 88 I 1 I <1 I 1 e er ~ ~za ~on, 1 L. • 1 1. 1 < 1 1 
I I I "'"' J I "'"'I I 
I I t t ' I 6 I 4 , 2 5 7'."' I 5 I 8 , 15 "'"'1 3 0 I I n e;rac ~On I I I 1 • 1 I I 1 • I 
I I I I I I I 
~----------------r---,-----------·y-------------,-----------r----------~ 







L. 12.24 I L. 219.61 I L.134.85 I L. 56.78 I I I I I 
: Mn fertilization: 3 : Q. 7.38* l L. 69.55f<* : L. 4.98* l <1 : 
I I I I 1<1< I I I 
I' Interaction ,' 6 ,' 1. 25 1 4. 35 1 1. 92 1 1. 88 1 I I I I , _________________ I ____ _! ___________ J _____________ J ___________ , ___________ J 
L., Linear component 
Q., quadratic component 
*significant at 5 % level 
**significant at 1 % l~vel 
b. Regression equations descrihing the relationships between J 
element applied (X) and element content (Y) , at different 
salinity levels. 
r-----------,-----------,-----------------------------------1 , I 
Element 1 Salini ty ' . . 1 1
1 1 . d 
1 
1 1 
I Regress~on equat~on 1 app ~e 1 eve s 1 1 
I I I I r-----------,-----------,-----------------------------------1 
I I I I 
I Fe I 0 I Y = 12 8 . 8 + 9 . 1 X I 
I I I I 
: : I : Y = 138.5 - 9.9 X : 
I I I I 
I I II I Y = 12 4, 6 - 11, 5 X I 
I I I I 
I I I I r-----------,-----------,----------------------------------ï 
I I I I 
: Mn : 0 : no regression component is : 
1 1 1 significant 1 
I I I 2 I 
1 1 I 1 Y=772.5+293 ',4X-62.6X I I I I I 
I I I I 
I I II I Y = 855.1 + 188.3 X 1 
I I I 1 
L----- ------J------ -----~----------------------------------~ 
Y, expressed in ppm in dry matter. 
X, expressed in ppm in air-dry soil . 
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disagree with those of SOMERS and SHIVE (1942). In spite 
of the apparent antagonism between Fe and Mn in normal 
soil, no definite trend was observed on the salt-affected 
soils. 
On normal unsalinized soil, application of Fe re-
sulted in an increase in the Cu content of corn ; however, 
at higher doses of Fe, there was a slight decrease in Cu 
content but it was never below that of the control. This 
relationship could be described by the following equation 
2 y = 5.7 + 3.5 x- 1.0 x 
where Y represents the Cu content of dry matter in ppm and 
X is the added Fe in ppm. In contrast to this relationship, 
Mn application resulted in a linear decrease in Cu content 
y = 8.7 - 0.3 x 
where Y represents the Cu content of dry matter in ppm and 
X is the added Mn in ppm. 
· These results suggest an antagonism between Mn and Cu and 
a synergism between Fe and Cu. ERKAMA (1950) reported an 
identical pattern for Fe and Cu. 
With regard to zinc, it appears that Fe fertiliza-
tion had a stimulating effect on Zn absorption, while a 
slight decrease occurred with increasing doses of Mn. 
Höwever, the effect of Fe or Mn application was not statis-
tically significant. The present results on the relation-
ship between Fe and Zn are in agreement with those of 
VINANDE et al. (19 68). 
Under saline conditions, the interrelationships between Fe, 
Mn, Cu and Zn did not show a clear pattern. 
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4. CONCLUSIONS : 
- The response of corn plants to Fe or Mn fertilization was 
significantly affected by the saline status of the soil. 
- Iron content increased with Fe supply on nonsaline soil, 
and significantly decreased on salt-affected soil. In 
contrast, Mn content increased with Mn application on 
both nonsaline and saline soil. 
- The results indicate that more attention should be paid 
to the relationships between trace elements and not only 
to their absolute concentrations. 
- Further investigations are needed to abserve the effect 
of applying other trace elements, on their uptake under 
different salinity conditions. 
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CHAPTER III 
EFFECTS OF SALINITY-ALKALINITY INTERACTIONS ON THE SOLUBILITY 
OF SOME TRACE ELEMENTS IN SOIL AND THEIR UPTAKE BY CORN 
1. INTRODUCTION 
In arid and semi-arid regions, exchangeable sodium 
often occurs in excessive amounts. Exchangeable Na exerts 
several effects which lower the productivity of soils. It 
may also interfere with plant metabolism and reduce the ab-
sorption of other essential elements. High levels of exchan-
geable Na promote deflocculation of clay particles, poor 
aeration and structure degradation, and inhibit water move-
ment and root penetration. 
Exchangeable sodium percentage (ESP) seems to be more signi-
ficant than the absolute amounts of exchangeable or water-
soluble sodium. BERNSTEI N and PEARSON (1956) and PEARSON and 
BERNSTEI N (1958) found that the eff e ct on soils rich in ex-
change able Na was appa r ently attributable to the characte-
ristics of the ions in the adsorbed state and not to tha t o f 
ions in the soil solut i on. The y further emph asized tha t 
plant to leranee to sodium ions wa s closely re l a ted to the 
exchangeable sodium per c entag e . 
The equil ibrium c oncentra t i e n o f the common ionic 
nutrient s in s o i l s is g overned by vario u s physico- c hemica l 
f actors suc h a s pH , dissociatio n constants , solubility pro-
ducts and oxidation-reduction p o tentials. In general, trace 
e l ements are more soluble under acid conditions and less 
s oluble u nder slightly alkaline conditions , e x cept i n the 
c ase of Mo , whose solubility increas es with increasing soil 
pH (FOLLET and BARBE R, 1967). Higher soil pH has o ften been 
r espons i ble for the low content of trace elements iri grow-
ing plan t s a nd d ef ici enc y s ympt oms have been reported in 






Several attempts have been made to study the relationship 
between pH and trace element ava i lability. Important ones 
to be quoted are those of COTTENIE and GABRIELS (1966) and 
ERIKSSON (1952), in which they related, on a theoretical 
basis, the solubility of some trace elements to the equili-
brium pH. The work by the former authors indicated that the 
activity of Fe, Mn, Zn, Cu and Al in solution, in equilibrium 
with the respective solid phase, is essentially a function 
of pH. LUCAS and DAVIS (1961) established a chart which shows 
the relationship of pH to the availability of micronutrient 
cations and other major elements, in organic soils. They 
stated that the ideal pH is in the range of 5 to 6. This 
range, however, was considered to be . about one pH unit lower 
than that desired for mineral soils. 
It is pertinent to point out · that most of the publis-
ed information concerning the effect of soil pH on trace 
elements, has dealt with the effect of raising soil pH by 
lime applications. There is relatively little information 
about the effect of sodium-alkalinity on trace element avai-
lability. A work of particular inter est was published by 
BAINS and FIREMAN in 1964 . With regard to trace elements, 
they concluded that the absorption of Fe, Mn, Cu, zn, B and 
Cl, by five erop plants, d e creas e d and that of Mo incre ased 
with increasing ex changeab le s odium percentage. It is appa-
rent, from the previous chapters that soil salinization in-
creases the a bsor p t ion and , to a l esser extent , the mobility 
o f some mi c r o nutri ent cation s. While i t is k nown tha t alka-
line r eaction d epresse s t he avai l abi lity of trace elements, 
t h e i nterac tion between s alin ity and alka l ini t y has not be en 
invest i gated . The present study was undertaken t o a s ses s the 
effect o f salinity-alka l inity interactions on the mo b i lity 
o f micronutrient cations in soils and o n their uptake by 
corn, and a l so to obtain some additional i nformation on the 
effect of ESP on trace element solubility . 
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2. EXPERIMENTAL DETAILS 
Adjustment of soil pH : 
A sandy loam soil from Melle Experimental Farm 
(described in Chapter I) was treated with Na 2co3 to esta-
blish two levels of soil reaction i.e. pH 7.50 and 8.75. 
The required amounts of Na 2co3 were calculated from the 
titration curve of the original soil (pH 6.2), determined 
with the aid of an automatic titrator. The procedure was as 
fellows : 
15-kg of air-dry soil was spread 1-cm thick on a polyethy-
lene sheet and sprayed with . 2.25 liters of 0.1 N Na 2co3 by 
means of a knapsack sprayer. After a few minutes, a second 
15-kg soil was spread uniformly on the treated layer and 
sprayed with another 2.25 liters of 0.1 N Na 2co3 • To esta-
blish the other level of soil pH, a second 30-kg soil was 
treated similarly with a total of 4.50 liters of 0.33 N Na 2co3 . 
The control soil was treated in a similar way with 
4.50 liters of demineralized water. The volume of solution 
was large enough to raise the moisture content of the soil 
to field capacity. The three separate lots of the treated 
soil were thoroughly mixed, then covered with a plastic 
sheet for 3 days to reduce evaporation and provide time for 
the soil to equilibrate with the Na 2co3 solution. The cover 
was removed on the fourth day and the soil was allowed to 
dry slowly for a few days with two rakings and mixings a 
day. The entire procedure took 8 days and established the 





















Pot expe riment : 
The first part of the experiment consisted of a 
test of three soil-reaction levels and three salinity 
levels. In a second test, the same conditions were used 
except that Fe, Mn, Zn and Cu were added simultaneously in 
one dose, in the sulfate form, to give the following con-
centrations : 
20 ppm Fe, 30 ppm Mn, 10 ppm Zn and 10 ppm Cu. 
All pots received NPK fertilizers at rates ·of 336 kg N/ha 
(0.075 g/kg soil), added as NH 4No3 , and _approximately 
224 kg/ha (0.05 g/kg soil) of both P and K, added as KH 2Po4 • 
The amounts of NPK or NPK plus trace elements (for the 
secend test) were dissolved in a sufficient quantity of 
water to raise the water content of the soil to field capa-
city. The fertilizer salution was mixed with 1-kg of air-
dry soil and placed in plastic pots. Six corn seeds (zea may~) 
were sown in each pot and t h inned to 3 plants after one week. 
• I 
The three s a linity levels were a control receiving 
only demineralized water and two treatments to which were 
added 1 . 0 and 2.0 g mixtur e of NaCl, cac1 2 and MgC1 2 in a 
1:1:1 ratio. The required quantitie s of salts wer e dissol-
ved in 80 -ml water and appli ed to e a c h pot one week after 
sowing. Sa l inity l evels and el ectrica l conduc t ivities o f the 
treated s oil are s hown in Tab le 13. 
Table 13. Sa linity levels 
:- ~~î~~~~;---:-;- ~~î~-- - - -:-;~~~ -~~-~~~-~~~~~~~-~~-~~~~ï~~-- 1 
l l ev e l s l added ~-----------r----------r---- - - ---- ~ 
: l per kg s oi~ pH 6 . 2 l pH 7. 1 l pH 9. 0 l 
1- -- - --------~----------~------------~----- - ----~----------~ I I I I I I 
: 0 : o. o : 0 .35 : 0 .4 0 : 0. 60 : 
I I I I I I 
I I I l. 0 I 0 . 8 0 I 0 • 85 I 0. 95 I 
I I I I I I 
I II I 2 0 I 20 1 25 1 3 3 1 I I • I l. I l. I l. I 
I I I I I I 
-------------------------------------- ------------- -------~ 
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Each treatment was replicated 4 times, giving a total 
of 72 pots. During th~rowth period, the soil moisture level 
was maintained at field capacity by adding demineralized 
water when necessary. Greenhouse temperature was ± 25°C, and 
plants received . artificial fluorescept light for 12 hours 
per day. Corn was planted on November 14th 1969 and harvest-
ing was completed on December 15th. The plants of the highest 
pH level were harvested one week earlier. 
Plant tops were analysed for Fe, Mn, Zn and Cu by atomie 
absorption, as previously described in Chapter II. Due to the 
limited amounts of dry matter obtained from the plants grown 
on soils of pH 9.0, a mixed sample from the four replicates 
was analysed. 
Laberatory study : 
100- g soil sampl~s were incubated in plastic contai-
ners, with exactly the same treatme nts in the pot experiment. 
·Moisture content was maintained at field capacity and·incu-
bation was at laboratory temperature. Treatments were per-
formed in duplicate. The pH was measured in 1:5 soil:water 
suspensions after being equilibrated for 20 hours. The mea-
surements were carried out at the beginning of incubation 
and after periods of 2 and 4 weeks. Extractions were made 
with the following extractants on samples after incubation 
for 4 weeks : 
1. Water 
2. 1 N NH 40Ac pH 7.0 
3. 1 N NH 40Ac pH 7.0 + 0.2 % hydroquinone 
4. 1 N NH 40Ac pH 4.8 
All extractions were done with a 1:5 mixture of soil and 
extractant, which was shake n for one hour. In the case of 
the third extractant, soil suspens i ons were allowed to stand 
for another 6 hours with interrupte d shaking before filtra-
tien. The filtrates were analysed for Fe, Mn, Zn and Cu by 
atomie absorption. 
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3. RESULTS AND DISCUSS10N 
Effect of salinization on soil pH, trace element 
mobility and uptake was discussed in the previous chapters. 
Only the influence of alkalinization and the interaction 
between salinity and alkalinity will· be considered in the 
present chapter. 
The data in Table 14 show the changes in soil pH as 
a function of salinization and Na 2co3 addition. At the com-
mencement of incubation, increasing salinity resulted in a 
gradual decrease of soil pH for both acid and alkaline soil. 
This decrease of soil pH in the presence of salts can be 
considered as the well-known phenomenon of ''salt effect". 
In contrast, after 4 weeks of incubation at field capacity, 
salinization had increased the pH of the acid and neutral 
soil and decreased that of the alkaline soil. The pH increase 
of the acid soil by introducing chloride salts was previbusly 
discussed in Chapter I. The pH decrease of the alkaline soil 
could be an effect of co2 accumulation, as stated by 
PONNAMPERUMA and co-workers (1966). They found indeed that 
a pH decrease of alkaline and calcareous soils during incu-
bation , was defined by the partial pressure of co2 through 
the .Naco3 - H2o - co2 and caco 3 - H2o - co2 systems, res-
pectively. 
In general, soil pH d ec r eased by incubating the 
soils at field capacity. The rate of the pH decrease was more 
pronounced in the absence of salts and in soi l with acid or 
neutral reaction. From the present results, no satisfactory 
e xplanati o n c an be given for thi s finding. 
A similar pattern of pH change was observed when Fe, Mn , Zn 
and Cu were added to the s oil simultaneously~ The pH values 
were lowered slightly in the presence of t hese trace ele-
ments, because these elements were applied in the sulfate 
form. 
Table 14. Change in soil pH during incubation and soil pH after plant growth. 
------------------------------------------------------------~---------------------------------------~ l l Without trace elements l With trace elements l 
I ~----------------------------------------~---------------------------------------~ I Salini t y I . . 'X I ** I . . 'X I '1<'1< I 
1 8 . 1 H 1 I n cubat1.on per1.od 1 After 1 Incubat1.on per1.od 1 After 1 I O l p I . I I 1 1 
1 levels ~---------,---------r---------, 1---------,---------r--------, _ .1 
I I At th I I I harvest- I At th I I I harvest I 
I I e I I I I e I I I 1 
1 1 commence~ 2 weeks 1 4 weeks 1 ing 1 commence, 2 weeks 1 4 weeks 1 ing 1 
I I I I I I I I I 1 
I I ment I 1 I I ment I I I I 
L _ _ _______ i ________ J _________ ~---------L---------~----------~---------~---------L--------~----------~ 
I I I I I I I I I I I 
I I I I I I I I I I 1 0'1 . 
I I 0 I 6.2 I 5.7 I 5.5 I 5.7 I 6.1 I 5.8 I 5.5 1 5.7 1 .t:.. 
I I I I I I I I I I 1 
: 6.2 : I : 6 . 1 : 6.o : 5.8 : 5.7 : 6.o : 6.o : 5.9 : .s.8 : 
I I I I I I I I I I I 
I (control) I II I 6 .0 I 6.1 I 6.1 I 5.8 I 5.9 I 6.0 I 6.0 1 5.9 1 
~---- -----+ --------~---------i---------~----------i----------i---------+---------t--------1----------i 
I I I I I I I I I I 1 I 
I I 0 I 7 . 1 I 6 • 5 I 6 • 2 I 6 . 1 I 6 . 7· I 6 • 4 I 6 • 0 I . 6 • 0 I 
I I I I I I I I I I 1 
: 7.1 : I l 6.8 : 6.6 l 6.3 : 6.1 : 6.6 l 6.6 : 6.2 : 6.1 : 
I I I I I I I I I I 1 
I I II I 6.7 I 6.7 I 6.5 I 6.2 I 6.6 I 6.6 I 6.4 I 6.3 I 
I I I I I I I I I I I 
ï---------r--------~---------,---------r---------,----------,---------T---------r--------,----------ï 











8.8 I 8.4 I 8.8 I 8.9 I 8.5 I 8.3 I 
I I I I I I 
I I I I I I I I I I 8 I 
1 9. 0 I I I 8. 6 I 8.6 I 8.4 1 8.2 1 8.5 1 8.6 1 8.3 1 .0 1 
I I I I I I I I I I I 
: l II l 8.3 : 8.3 : 8.3 l 8.2 : 8.2 : 8.4 : 8.1 : 7.8 : 
I I I I I I I I I I I -----------------------------------------------------------------------------------------------------
* pH meas u rements on samples incubated at fi~ld capacity 
lil. 'X 
pH measurement s on samples taken from pots after harvesting 
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The forms of active Mn as in..fluenced by soil pH and 
salinity are repre s ented in Figure 13. In the absence of 
salts, increa sing the soil pH to 7.1 by Na 2co3 application 
slightly d e creased both the water-soluble and exchangeable 
Mn. A further increase of the soil pH was accompanied by a 
substantial increase in the exchangeable form and a conse-
quent decrease in the easily reducible fraction. 
On the other hand, the total active manganese (water solu-
ble + exchangeable + easily reàucible) decreased from 130 
ppm for acid soil (pH 6.2) to 90 ppm for alkaline soil 
(pH 9.0). At each soil pH, addition of salts resulted in an 
increase in the water-soluble and the · exchangeable Mn. The 
rate of this increase was les s , however, at higher pH. 
The interaction of salinity and alkalinity was more 
pronounced with regard to the exchangeable fraction. The 
addition of 2.0 g of the salt mix ture per kg of acid soil . 
caused an increase of 47.0 and 25.5 ppm of exchangeable and 
water- soluble Mn, respectively, wh ile in alkaline soil the 
corres ponding values were 4.0 and 1.0 ppm only. 
In g e n eral, the obser ved decreas e in the active farms 
of Mn by inc r ea s i ng soil pH could be ascrib e d to t he oxida-
tion of Mn++ to highe r mang ane se o x ides. It is k no wn fr om 
e arli e r studie s (S HERMAN and HARMER , 19 4 3) that ne u t ral and 
alka lin e conditions favour the f o rmat ion of manganic com-
pounds a nd acid conditions favour the f ormation o f manganeu s 
compound s . Decreasing the solubility of mangan e s e-bearin g 
compounds a nd hastening b o th microbia l and chemi cal ox ida-
tion of d ivalent Mn are the most cornrnon effec t s o f raising 
soil pH (MULDER and GERRETSEN , 195 2 ; RIVENBARK 1 1961 ; 
F INK, 1966 ) . As the pH of the soil salution i s i ncreased , the 
concentratien of Mn in equilib~ium with its s o lid phase will 
also decrease (COTTENIE and GABRIELS , 1 966). 
The increase of exchangeable Mn in the alkaline range 
(above pH 7.1) looks rather extraordinary. Nevertheless, this 
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Fig. 13 Farms of active manganese as affecte d by salinity- alkalinity interaction 
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Due to the fact that the displacing power of Na+ is lower 
than that of H+ and Al+++, the adsorption of a cation such 
as Mn will be favoured and a corresponding decrease in soil 
salution concentratien may occur with increasing sodium satu-
ration of the exchange complex. 
In an earlier study, JENNY and AYERS (1939) showed that the 
complementary ion effect manifests itself in the following 
way : if an ion A is held more tightly by the adsorbent than 
ion B, whose exchangeability is under consideration, any 
replacing ion C will favour the adsorption of B ions whose 
exchangeability will be higher under these conditions. In 
accord with this concept, EPSTEIN and STOUT (1951) found that 
the concentrations of Fe, Mn and Zn in supernatant liquids 
decreased with increasing Ca/H ratios. WIKLANDER (1960) con-
cluded, by theory and experiment, that liming acid soils 
favours adsorption of nutrient cations and decreases their 
concentrations in the soil salution as a consequence of sub-
stitution of Ca for more firmly held H and Al. 
The absence of such an increase in exchangeable Mn when soils 
were salinized could be ascribed to compeiition of the applied 
salts with Mn for the negative charges of soil particles. 
The data produced here clearly show that when alkali 
soil is subjected to salinity, an increase in the water-
soluble and exchangeable Mn may occur. The present results 
also confirm the previously mentioned result (Chapter I), for 
the equilibrium between the three forms of active Mn, that, 
as the water-soluble and exchangeable Mn levels are increas-
ed, the easily reducible fr action will be decreased. 
The effect of salini ty and alkalinity interactions 
on the NH 40Ac -extractable elements (at pH 4.8), in the pre-
senee or absence of trace elements, is illustrated in 
Figure 14. 
The i nfluence o f soil reaction , salinity and trace 
element application on the extractability of trace elements 
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sum of squares was subdivided into main effects and interac-
tions (Table 15) . The sum of squares for the main effects 
(soil pH and salinity) was further s-u.bdivided into a linear 
and quadratic component. The regression equations obtained 
will be mentioned in the following discussion. 
Mn : Ammonium acetate - extractable Mn decreased significant-
ly by Na 2co3 application, up to pH 7.1. This decrease was 
more pronounced with trace element addition, due to the fact 
that the manganese applied to the acid soil was present main-
ly in the divalent form. In the nonsaline soil, further in-
crease in soil pH resulted in a remarkable increase in the 
extractable fraction. At higher pH values, the amount of ex-
tractable Mn was practically the same, whether Mn was applied 
or not. 
In the extraction process (with NH40Ac at pH 4.sr, 
Mn and other trace elements are exchanged with NH 4+ and H3o+ 
ions. Thus, the NH 40Ac - extractable fraction could repre-
sent, to some extent, the exchangeable manganese (CARLOSTADIO 
ahd KAMPRATH, 1959 ; MISRA and MISHRA, 1969). This suggests 
that the increase in the NH 40Ac - extractable Mn, in the 
alkaline range, might be due to the previously reported in-
crease in the exchangeable form. Furthermore, it can be anti-
cipated that in an alkaline soil, the replacing power of the 
+ H of the extractant becomes so strong that it increases the 
efficiency of the acid NH 40Ac to exchange firmly bound cati-
onic trace elements (WI KLANDER, 1960) • An analogous effect 
of liming was reported by LAKANEN (1967). He stated that li-
ming of acid soil up to 7.6 - 7.8 resulted in a decrease of 
acid ammonium acetate extractable Mn, Zn, and Cu but a clear 
increase occurred when the pH was higher than 7.0. 
Statistical analysis showed that the overall regres-
sion equation, descrihing the relation between soil pH and 
NH 40Ac-extractable Mn, was : 
Y = 1078.38- 263.6 3 x+ 16.77 x 2 
where Y = Mn content in ppm in a1r-dry soil 
X = soil pH 
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Table 15. Calculated "F" values, descrihing the effect of 
soil pH, salinity, trace elements and their in-
teractions on the NH 40Ac-extractable elements. 
1------------------------------ï---------------------------------------, 
1 
• • 1 "F" calculated · 1 1 Souree of var1at1on I 1 
I ~---------+--------~--------~~----------~ I I ·I I I 1 
: 1 Mn 1 Fe 1 Zn 1 Cu 1 
------------------------------L---------L--------J---------~----------~ 
Salinity 3379.5** 26.4** 54.4** 17.7if!<)f. 
Alkalinity 4806.3** 56.2** 9.6** 85~5lf{lf{ 
Salinity X Alkalinity 1174.1 
lf(lf( 
1.9 5.2** <1 
• T. E. 5057.o** <1 1953.7** 17.olf{* 
T.E. x Salinity 3.8lf{ <J. 3.2 1.4 
T.E. x Alkalinity 291.8** <1 25.2 
lf{lf{ 
1.4 
T.E. x Salinity X Alkalinity 292.4** 2.9 1.6 4.9lf(lf( 
----------------------------------------L--------4---------J----------~ 
·Trace elements 
* significant at 5 % level 
** significant at 1 % level 
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Quadratic relationships were also found within each salinity 
level, with or without trace element application. 
The average regression equation for the salinity levels was 
Y = 33.67 + 73.55 x - 23.46 x2 
where Y = Mn content in ppm in air-dry soil 
X = salinity level in g salt/kg soil 
Fe, Zn and Cu : Similar patterns of element - extractability 
as a function of soil pH, were observed in the case of the 
other trace elements, Fe, Zn and Cu. Although the range of 
variation differs from one element to another, the foregoing 
comments may be applicable as far as their extractability 
is c6ncerned. 
It is noteworthy that increasing Zn extractability 
under alkaline conditions could also be related to the for-
mation of soluble alkali zincate. JURINAK and THORNE (1955) 
investigated the possibility of zincate formation in bento-
nite suspensions titrated with zn 65 c1 2 at different levels 
of pH, adjusted by Na, K and Ca hydroxide. It was found that 
in both the Na and K systems, Zn solubility reached a minimum 
in the pH range of 5.5- 6.7. As the alkalinity increased, 
the solubility of Zn also increased, which suggested the for-
mation of soluble alkali zincate. The absence of this pheno-
menon with Ca treatments, was attributed to the formation 
of insoluble Ca-zincate. 
The following overall . regression equations were found 
to define the relationship between the extractable element 




Y = 46.56 - 11.10 x+ 0.7 3 x 2 
Y = 15.11 - 3.65 x+ 0.24 x 2 
y = 9.98 0.18 x 
In these equations Y represents the extractable element in 
ppm in air-dry soil and X is the soil pH. 
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The overall regression equations which describe the relation-
ship between the extractable elements (Y in ppm) and salinity 




y = 5.21 + 0.49 x 
y = 1.23 + 0.10 x 
y = 8.04 + 0.61 x 
Corn seeds germinated by the fifth day on the control soils 
and on soils .with 8.48 ESP i two days later, germination began 
on soils with 33.72 ESP. Very poor growth was observed on 
soils of the highest sodium level and it was further aggra-
vated by salinization. On soils with the highest exchangeable 
sodium and salinity, 2 seedlings died by the end of the 
third week and only one plant survived per pot. 
Fig. 15 depiets dry matter production of corn as related to 
soil pH and salinity. The dry matter yield decreased signifi-
cantly by increasing the exchangeable sodium percentage. The 
reduction in yield was alleviated by increasing salinity at 
all pH levels. The combination of salinity and alkalinity pro-
~ided an unfavourable growth medium and may have caused sodium 
toxicity, especially at the highest ESP level. 
Although the dry matter increased slightly by trace 
element fertilization on the control soil, under saline-alka-
line conditions plant growth was less on the fertilized soil 
when compared to the unfertilized soil. At pH 8.0, relative 
yield was about 30 % when trace elements were applied and 
65 % in the absence of this treatment. 
It can be assumed that by depressing plant growth, the trace 
element requirement becomes relatively low i thereby it is 
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Fig. 15 Dry matter production in relation to soil pH and salinity 
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3.4.2. Trace element contents of corn 
On the nonsaline soil, increasing th_e soil pH brought about 
a continuous decline in mangane se content (Fig. 16). This 
decrease is in contrast to the pattern of extractable Mn, 
in which a considerable increase occurred above pH 7.1. 
In general, this change could be explained in the follow-
ing ways : 
- Increasing sodium uptake, at higher ESP, contributes to 
the suppressed absorption (antagonism) of some micronu-
trients such as Mn. 
- The excessive accumulation of Na ions in plant roots may 
impair their physiological functioning. 
- High ESP could adversely affect the . physical properties 
of soil. 
The present results on mangane se agree with those of BAINS 
and FIREMAN (1964), which indicate that increasing the ESP 
up to 51.5 (pH 8.9) reduced the absorption of Mn, Fe, Cu, Zn, 
B and Cl. 
As was seen for Mn e xtr a c t ability, increasing salin ity en-
hanced the absorption o f Mn on ac i d and s lightly a lka line 
soils, whil e , on soil with higher pH (pH 9.0), no further 
in f luenc e was observed. This could b e related to the depres-
sive e f f ect o f h i gh sa l inity and a lka linity on a bsor p tion 
and g r owth p r ocesses i n s pite of the a de qu a te supp l y of Mn 
in the soil. 
A p osit i ve respons e to Mn a ppl i c ation occurred on acid soil 
a nd , to a l esser ext ent, with s l ightly alkali soil by increas-
i ng sa l i n ity. At higher pH levels (pH 9. 0 ), no r esponse wa s 
observ ed with or without salinization. 
The effect of raising soil pH on the absorptio n o f 
Fe , Zn and Cu was somewhat different from that o f Mn. In con-
trast to the results of the extractable-fractions, raising 
the pH of the nonsaline s o il to a value of 7 . 1 slightly i n -
creased the content of these elements . Further increase above 
this pH level réduced the contents of Fe, Zn and Cu, presuma-
bly because of the same factors stated for Mn. 




800 o- 800 
I-·--
700 na--.. 700 
'· 600 4.,U 600 \ . 
~ 
Mn 





300 . 300 
200 
. 
200 - -.......::.. . 
100 -_ -_,..... .. - -,-4 100 ~ . 
06 7 8 9 06 7 8 . 9 
120 120 
' 110 ' 110 
100 ' 100 ' ...... Fe 
90 - 90 
~ 80 - . 80 ---..•. _ ~ 70 ·-.. 0 70 ...:::-.• ..,.._ 0 -- - ---:~ -. . I o! -
60 60 ................ E - - --Q. n·a ... Q. 




206 7 8 9 206 7 8 9 
12 ..... ........... _ 12 Cu ... ~ ~· ...... 
~10 r' --. ..._. I 10 -. ·-::0 6 0 6 ',"-_ ·r-·-. u 
E 6 '·Jt - 6 --Q. -11 Q. -
4 4 Ir-- 11 
2 2 
0 0 








E 110 110 
~ / ._ __ __ .I_ 
." 
' - ~ 100 " ... 100 ' / . ' c .~~,~ '• 
N 90 90 11 --~ 
/', • E 
Q. 80 80 a. 
'L._ _____ _ !l ___ .A 
70 70 
606 . ~~ 60 7 8 9 6 7 8 9 
soil pH soil pH 
Fig .16 Trace element conlenis of corn as affccted by 
salinity-alkal ini ty inlaraction 
- 72 -
Under slightly saline-alkaline conditions and in the absence 
of applied trace elements, the plant contents of Fe, Cu and 
zn showed a small increase, while, with trace element appli-
cation, the contents of Fe and Cu were comparatively low. 
Higher doses of salinity and alkalinity (the third level) 
resulted in a drastic decrease i n Fe, Cu and Zn contents. 
4. CONCLUSIONS 
- Changes in soil pH as a function of salinization depend 
on the original pH of the soil and the period of incuba-
tion. 
- Salinization has increased the mobility of trace elements 
at all levels of soil pH. The extent of this increase, 
however, was more remarkable on acid and neutral soils 
than on alkaline soils. 
- On alkali soils, slight salinization might enhance the 
absorption of trace elements, but further increases in 
salinity and/or alkalinity could gravely depress the ad-
sorption of thes e elements. 
- Evaluation of trace element status of saline-alkali soils 
on the basis of soil analy s is is not sufficient. More 
attention should be paid to the effect of salinity-alkali-




EFFECT OF SALTS, SOIL pH AND HUMIC ACID ON THE RETENTION 
AND RELEASE OF MICRONUTRIENT CATIONS IN SOIL 
1. INTRODUCTION 
Fixatien of plant nutrients in soil may be defined 
as the process whereby readily soluble n~trient elements 
are changed to less soluble forms, with the result that the 
nutrients cannot be readily extracted with appropriate extrac-
tants. The term retentien of an element refers to its removal 
from the free solution brought in contact with a soil. The 
amount of an element retained by the soil can be calculated 
from the difference between the quantities originally present 
and those remaining in the free solution after filtration. 
The retained fraction represents, in _ general, the exchangeä-
ble as well as the fixed forms. It could also include any 
fraction precipitated as an insoluble compound at the parti-
cular pH of the soil solutior.. 
2. REVIEW OF LITERATURE 
Several attempts have been made to assess the factors 
which influence the retentien of trace elements, when applied 
in different forms to soils. 
Evidence in the literature shows that manganese reten-
tien is governed by several factors such as organic matter, 
soil reaction, biological activity, soil moisture, temperature, 
and carbonates (LEEPER , 1947 ; FUJIMOTO and SHERMAN, 1948 ; 
BOLAS and PORTSMOUTH, 1948 SHERMAN and BROMFIELD, 1949 i 
CHRISTENSEN et al., 1950 i GAREY and BARBER, 1952). 
Unlv . Gent 
Bibilothee 
fu, l indbouw 
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HEMSTOCK and LOW (1953) reported that clay or organic matter 
or both, biological activity, and possibly chemical oxida-
tion by atmospheric oxygen are the factors responsible for 
Mn retention in soils. Soil reaction and soil moisture in-
fluence Mn retention through their effects on these factors. 
They further stated that Mn can be retained by soil ~ organic 
matter in the form of a chelate complex ; this phenomenon is 
a function of pH (PAGE, 1962). On the basis of X-ray studies, 
LEEPER and PASSIOURA (1963) reported that manganese is not . 
held in a complex form with organic matter. ·MISRA and MISBRA 
(1969 a) concluded that organic matter is closely associated 
with the retention of Mn in an exchangeable form. The des-
truction of organic matter or its addition respectively de-
crease andincrease the exchangeable form of Mn. 
Retention of Mn can also be affected by some anions 
present in the soil system. MISRA and MISBRA (1968) found that 
the presence of phosphate and citrate anions decreased the 
retention of Mn, while the addition of oxalate was associated ·, 
with an increase. The anions appear to influence the forms 
of Mn as well. 
It has been reported (NEELAKENTA and MEHTA, 1961 
MISRA and TIWARI, 1966 a) that the retention of capper is 
.mainly influenced by pH, organic matter, clay, microorganisms, 
caco3 and soluble carbonate contents of soils. TOBIA and 
HANNA· (1958) emphasized that the retention of Cu was apparent-
ly associated with organic matter and high alkalinity, rather 
than with clay. MISRA and TIWARI (1966 b) stated that Cu re-
tention decreased with decreasing pH of the soil and that 
alkali soil retained appliéd Cu mostly in the Cu(OH) 2 form. 
Studying the influence of some cations on Cu retention, MISRA 
+ ++ and TIWARI (1962 a) found that Na and Ca greatly decreas-
ed the adsorption and the subsequent release of Cu++ form 
dilute solutions of cuc1 2 in acid soils ; in neutral soil, 
the adsorption of Cu++ was affected only to a small extent. 
Working with compost, a similar effect was reported by MISRA 
and TIWARI (1962 b ) . The effect of nitrogen and potassium 
fertilizers on Cu retention was also investigated by MISRA 
and TIWARI (1964). They suggested that the decrease of Cu 
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retention, by these fertilizers, is due to an antagonistic 
effect of NH 4+ and K+ ions and also to a lowering of the 
equilibrium pH. 
The main factors accounting for the extent of zinc 
retentien were considered to be organ~c matter, soluble and 
insoluble carbonate contents and equilibrium pH of the sys-
tem (TIWARI and MISRA, 1964). In earlier studies, TILLER and 
HODGSON (1962) found that silicate clays adsorb Zn reversi-
bly by cation exchange and irreversibly by lattice penetra-· 
tien. BINGHAM et al. (1965) also stated that zn++ can be an 
exchangeable cation and that amounts in éxcess of the cation 
exchange capacity were retained as zinc hydroxide. More re-
cently, SHARPLESS et al. (1969) pointed out that cation ex-
change capacity and pH of the soil are of prime importance 
in the process of Zn retention. Their results showed that the 
addition of a concentrated salution of znso4 to soil was 
fellewed by a rapid adsorption of Zn, about 75 % of the total 
being retained by cation exchange during the first minute. 
• I 
They added that Zn retentien was also correlated with the per-
centage of clay, suggesting that specific surface or mine-
ralogical characteristics, or bath, are important. 
In calcareous soils, UDO et al. (1970) reported that organic 
matter and clay contents were the primary factors responsi-
bie for Zn retention. The lew (Zn) (OH) 2 ion concentratien 
-18 -19 
prod~cts of 10 to 10 indicated that Zn was net co-pre-
cipitated with soil carbonates (The solubility product of 
Zn(OHQ was given by SILLEN and MARTELL (1964) as 10- 15 • 5 to 
10-16.5). 
2.2. Trace elements and humic substances of soil -------------------------------------------
Organic materials exhibit a considerable affinity for 
roetal ions and, hence, influence their equilibrium. 
Concerning the nature of organic compounds taking part in 
such reactions, it is known that humic and fulvic acid frac-
tions contribute most importantly to the ability of soil 
organic matter to complex metallic ions from solution. 
Humic acids are a major componen t of peat, and aften exhibit 
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a C.E.C. as high as 600 meq/100 g (BASU et al., 1964). They 
originate in the lignin part of plant debris and are inso-
luble when their molecular weight is ± 1000 or more, where-
as humic acids of lower molecular weight are gradually leach-
ed by water and do not cause fixatien of cations by peat 
(SZLAY and SZILAGYI, 1968). The precipitated humic acid che-
lates are partly hydrolysed in a slightly alkaline medium, 
being transformed into water-soluble hydroxy-chelates ; in a 
strongly alkaline medium they are completely hydrolysed, 
resulting in the isolation of cations. The fulvic acid, how-
ever, has a higher chelating capacity and these chelates are 
usually water soluble (KAWAGUCHI and KYUMA, 1959). 
Soil organic matter reacts with metal ions in diffe-
rent ways, i.e., ion exchange, surface adsorption, chelation, 
complex coagulation and peptization. However, little is 
known about the nature of ligands in polymerie components of 
soil organic matter which chelate metals, but carboxyl, 
hydroxy and amide groups are probably involved (MORTENSEN, 
1963). Methylation of soil organic matter was used to deter-
mine th~ functional groups involved in the chelation reac-
tions. Carboxyl groups did not appear to be important (HIMES 
and BARBER, 1957). WEIR and SOPER (1963) reported that both 
carboxylic and (above pH 4.7) noncarboxylic hydroxyl groups 
were involved in binding Fe in humic acids. ENNIS (1962) 
found that phenolic hydroxyl group s accounted for 60 % of 
the Cu-exchange capacity of peat and carboxyl ic groups, for 
about 30 %. ORLOV and EROSHICHEVA (1967) concluded that the 
interaction of humic acids with some metal cations proceeds 
in different ways, but mainly between the metal cation and 
the H+ ions of carboxyl groups. 
Evidence in literature shows that retention of trace 
elements by humic acids is governed largely by pH. MANSKAYA 
et al. (1958 and 1960) reported that humic and fulvic acids 
were capable of forming insoluble compounds with copper, and 
that these complex formations depended on pH. The optimum pH 
for Cu-humates and Cu-fulvates was 2.5-3.5 and pH 6.0, res-
pectively. SCHEFFER et al. (1957) stated that humic acids 
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formed water-soluble compl exes of Fe-humates with Fe++ or 
F +++ h' h t bl ' th 'd RANDHAWA d e w 1c were uns a e 1n e ac1 range . an 
BROADBENT (1965) studied the stability constants of Zn-humic 
acid complexes at different pH values. They found that the 
logarithm of the calculated stability constants was 4.42 at 
pH 3.6, 6.18 at pH 5.6, and 6.80 at pH 7.0. Further, they 
added that the total Zn retained by humic acid increased with 
increasing pH up to 8.6, but decreased at high~r pH values. 
The former review revealed that pH, organic matter, 
clay and carbonate contents of the soil are the chief fac-
tors which control the retention of t~ace elements in soils 
and, consequently, their relative availability to plants. 
· Little informatio~ is available about the influence of the 
dominant cations and anions in saline-alkaline soils on the 
retentien of trace elements. No work has been published on 
the interaction of salinity and alkalinity, either with or 
without organic matter applications, with the retention of 
micronutrients in soils. 
The present study was undertaken to investigate the follow-
ing topics : 
1- The specific effects of some cations and anions on the 
retentive capacity of trace elements by soil. 
2- The interactive effects of salts, soil reaction and humic 




SPECIFIC EFFECTS OF SALTS ON THE RETENTION 
OF APPLIED TRACE ELEMENTS 
1. EXPERIMENTAL DETAILS 
A moderately acid sandy loam soil from Melle Experimental 
Farm (characteristics reported in Chapter I) was selected 
for the present study. 
Retention of the element : 
5-g portions of air-dry soil were placed in a 300-ml conical 
flask and 10-ml of deionized water (0) or salty water con-
taining 300 (I) or 600 (II) mg of salt were added. The salts 
chosen for this study were NaCl, Mgcl 2 , cac1 2 , Na 2so4 and 
Mgso 4 . Each of these mixtures (soil + salts) was treated 
twice w~th 90-ml of Feso 4 , znso4 , cuso 4 or Mnso 4 solutions. 
Trace elements were applied at the rate of : 5 and 10 mg per 
5 g soil forre, Zn or Cu ; 10 and 20 mg per 5 g soil for Mn. 
The treatments were conducted in duplicate with a soil : 
solution ratio of 1:20. The mixtures (soil + salts + trace 
element) were shaken for 1 hour, allowed to stand for 20 
hours and filtered. An aliquot from the. filtrate was analysed 
for the respective element by atomie absorption. pH values 
of the filtrates were also recorded. The amount of the ele-
ment retained by the soil, "R" , was obtained by substracting 
the amount of the element in the filtrate from the quantity 
present in the original solution "A". The latter was also 
determined by atomie absorption. 
2. RESULTS AND DISCUSSION 
Character istic curves of trace eleme nt retention as 
influenc ed by t he application of NaCl, Mgcl 2 , Cacl 2 , Na 2so 4 
and Mgso 4 are given in F i g. 17. An a nalysis of varianee was 
also made where the sum of squares for the treatments was 
subdivided into s evera l i ndependent componen t s as shown 
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in Table 16. The results of Mn are not included because this 
element was released after introduetion of cac1 2 and Mgcl 2 
into the equilibrium solution. 
It is evident that the overall effect of increasing 
salt concentratien was a reduction of the amounts of Fe, Mn, 
Zn and Cu retained by the soil. Only in the case of Mn, the 
higher levels of Ca++ and Mg++ salts were able to prevent 
Mn++ retentien and, even, caused a release of ~ative manga-
nese. The decrease in the retained fraction could be attri-
buted, in general, to an antagonistic effect of the salt 
qations, by which entry of the applied trace elements into 
the exchangeable complex of the soil was hindered. 
Furthermore, the decrease in the "R" values might be related 
to a lowering of the equilibrium pH as a result of salt addi-
. tion. By introducihg salt into the system (soil + trace 
elements), the pH values showed a decrease ranging from 0.16 
to 0.73 units, varying with the particular trace element, 
its application rate and the salt present. 
For each salt, the relationship between 11 R" values 
and salt concentratien .can be expressed in terms of linear 
or quadratic regressions. This was the case whether the cal-
culations were done over the two doses (i.e., Fe 1 & Fe 2 ) or 
within each dose of application. 
The following regressions obtained for Fe, when calculated 
over the first Fe dose, are given as examples : 
Within Na Cl y = 4.24 - 0.43 x y = 4.25 - 0.48 x + 0.03 x2 
11 MgCl 2 
y = 4.04 - 0.88 x y = 4.25 - 2.13 x + 0.63 x2 
" Cacl 2 
y = 3.93 - l. 38 x y = 4.25 - 3.33 x + 0.98 x2 
11 Na 2so4 
y = 4.24 - 0.43 x y = 4.25 - 0.48 x + 0.03 x2 
" Mgso4 
y = 4.08 - 0.83 x y = 4.25 - l. 88 x + 0.53 x2 
where y represents the iron retained in mg/5 g soil, and 
x is the salt level in mg/5 g soil. 
Cernparing the specific effects of salts on the reten-
tive capacity, it appears that the higher the replacing power 
of the salt cation, the lowe r was the retained fraction of 
7 
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Table 16. Effect of salts and varying levels of trace element 
application on the retent~ve capacity of soil 
(analysis of variance) 
------------------------------------·--------------------------
\ : : Calcul tated "F" values I 
: Souree of : d f :--------------r-----~------~--------~--~ 
1
1 
variatien I 1 Fe 1 Cu 1 Zn 1 
I I I I I 
I I I I . I I r--------------,-----ï--------------r------------------------1 
Trace element 
doses 





































199.oo** 260.-75 ** 
4944.34** 1902.72** 
537.29** 462.71* * 
40S.26** 454.82** 
34.34** 14.82 ** 




* significant at 5 % level 
** significant at 1 % level 
L. linear component 
Q. quadratic component 
- 81 -
trace elements. The effectiveness of the applied salts in 
reducing trace element retentien was in the order : 
Ca++ > Mg++ > Na+ and, to a lesser extent, Cl > so
4 
This order, for cations, is in accordance with that of rela-
tive replaceability (BEAR, 1965 p. 191). Statistica! analy-
ses showed that, for all the elements studied, there was a 
highly significant difference between the effect of the dif-
ferent salts on "R'' values. However, a further Duncan test 
indicated that the effects of NaCl and Na 2so4 on Fe and Zn 
and of Mgcl 2 and Mgso 4 on Cu did not differ significantly. 
These findings emphasize that cation exchange might be one 
of the main factors which govern trace element (Fe, Mn, Zn 






MISRA and TAWARI 
c ++ + + 
a ' Na , NH 4 
by soils. 
on copper retentien correspond with those 
(1962 a, 1962 b, 1964) where cations such 
and K+ decreased the retained fraction of 
The effectiveness of salts (taking the five salts 
into consideration) in reducing trace element retentien was 
greatest for Zn and decreased in the order : 
Zn > Mn > Fe > Cu 
These observations lead one to presurne that Zn and Mn reten-
tien were involved more with exchange reactions than with 
complex formations. In view of this assumption, SHARPLESS et 
al. (1969) found that the main factors responsible for Zn 
retentien were cation exchange capacity and pH, and that 75 % 
of the total Zn retained was due to cation exchange during 
the first minute. Furthermore, there is evidence in literature 
that both Cu and Fe would be bound in organic matter complexes 
more strongly than Zn. COURPRON {1967) reported higher stabi-
lity constant s for organic matter - Cu than fÓr organic mat-
ter - Zn complexes. SCHNITZER and SKINNER (1966) found that 
the log of Cu++ - Fe++ - and Zn++_fulvic acid stability con-
stants, at pH 5.0, were 8.69, 5.77 and 2.34, respectively. 
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++ RANDHAWA and BROADBENT (1965) state d that Zn was less 
strongly bound on humic acid than Cu++ or Fe++. Therefore, 
one can conclude that when trace elements are less strongly 
bound in organic complexes, the applied salts could be more 
effective in decreasing their retentien by soils. 
Increasing the application doses of trace elements 
(Fe, Zn and Cu) resulted in a highly significant increase in 
the fraction retained (Table 16), except in the case of Mn 
where the retentien remained almest the same. The first dose 
of Fe, Cu or Zn was far less than the C.E.C. of the soil 
{about 30 % of C.E.C.). However, the higher doses of Mn 
{± 72 and 143 % of C.E.C. for Mn 1 and Mn 2) could explain, to 
some extent, the constant retentien with increasing Mn doses. 
3. CONCLUSIONS 
- Trace element retentien in soil decreased with increasing 
salt concentratien of the equilibrium system. 
- The effectiveness of the applied salts in reducing trace 
element retentien was in the order : 
++ . ++ + -
Ca > Mg > Na and , to a lesser extent, Cl > S04 
suggesting that exchange reactions beleng to the main fac -
tors which govern trace element retentien in soil. 
- Zn and Mn retention .decreased more by salt application, 
when eeropared to that of Fe and Cu. Therefore, it is pre-
sumed that increasing salt concentratien has a greater 
effect on the retentien of element s which are less strong-
ly bound in organic complexes. 
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PART 2 
EFFECT OF SALTS, SOIL pH, AND HUMIC ACID INTERACTIONS ON 
THE RETENTION AND RELEASE OF APPLIED TRACE ELEMENTS 
1. EXPERIMENTAL DETAILS 
In the present experiment, Fe, Mn, Zn and Cu retention were 
exarnined as a function of soil pH, salinity and hurnic acid 
interactions. The sarne sandy loarn soil frorn Melle Experirnen-
tal Farm was used (characteristics reported in Chapter I). 
Adjusternent of soil pH : 
The soil was treated with Na 2co3 to establish three 
levels of soil pH : 7.0, 8.2, and 9.5. The required quanti-
~ies of Na 2co3 were calculated frorn the titration curves 
the original soil with the aid of an autornatic titrator. 
The procedure was as follows : 
of 
for each level of soil pH, 2-kg soil were divided into three 
equal portions and sprayed with three equal arnounts of Na 2co3 
solution. The arnounts of Na 2co3 per 2-kg soil, were 
0.636, 2.650 and 6.890 g for the pH levels 7.0, 8.2 and 9.5, 
respectively. The required arnount of Na 2co3 was dissolved 
in 280-rnl of distilled water, to raise to rnoisture content 
of the soil to field capacity. The treated portions were tho-
roughly rnixed,covered with a plastic sheet, incubated for 
one week at room ternperature and then air-dried. 
The control soil was treated in a sirnilar way and received 
the sarne volurne (280-rnl) of distilled water. 
The pH and exchangeable Na were rneasured in the air-qry 
samples of the four pH levels (Table 17). 
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Table 17. pH, exchangeable Na+ and exchangeable sodium 
percentage (ESP) of the treated soil 
1-----~---------;---------------;------------.-------------, 
I pH desired l. pH obtained : Exch. Na+ l ESP : 
1
1 
I I meq/1.00 g I I 
I I I I 
---------------;---------------;------------,----------~--· 




I I I I 
: 6.5 : 0.09 : 0.85 : 
I I I I 
I 7.0 I 0.53 I 5.15 1 
I I I I 
: 8.2 : 1.52 : 14.89 l· 
: 9.5 : 4.75 : 46.57 : 
I I I I 
---------------J---------------L------------~-------------~ 
Separation of humic acids : 
Humic acids were extracted from one-year-old farm-
yard manure, by the method of KONDNOVA (1966) 
Approximately 1-kg of wet farmyard manure was shaken for 
~5 minutes with 8 liters of freshly prepared mixture of sp~ 
dium pyrophosphate (0.1 M) and sodium hydroxide (0.1 N). The 
mixture was kept overnight, then the supernatant salution 
was collected by suction in another container. This procedure 
was performed twice. The supernatant salution (Na-humate) 
.was filtered, heated in a water bath and acidified with H2so4 • 
The precipitated humic acids were separated from the fulvic 
acids and washed 7 times with deionized water by centrifuga-
tion. 
Two humic acid suspensions were prepared by water dilution 
on a weight basis, so that 10-ml contained 100- and 200-mg 
humic acids, respectively. These portions were taken by pipette, 
while the suspensions of humic acid were continuously stirred. 
Treatments : 
5-g soil sample from each of the established pH 
levels were subjected to three rates of salt addition (a mix-
ture of NaCl, MgC1 2 and Cacl 2 in a 1:1:1 ratio) and three 






Salt levels : 
Control, 0 = 10 ml deionized water per 5 g soil 
I = 150 mg mixture of salts in 10 ml water 
per 5 g soil 
III= 300 mg mixture of salts in 10 ml water 
per 5 g soil 
Humic acid levels : 
Control, 0 = 10 ml deionized water per 5 g soil 
2 % = 100 mg humic acids irt 10 ml water 
per 5 g soil 
4 % = 200 mg humic acids in 10 ml water 
per 5 g soil 
Trace element application rates : 
25 mg Fe++ in 30 ml water per 5 g soil, applied as Feso4 .7H 2o 
50 mg Mn++ in 30 ml water per 5 g soil, applied as Mnso4 .H 20 
15 mg Zn++ in 30 ml water per 5 g soil, applied as znso4"'7H 2o 
15 mg Cu++ in 30 ml water per 5 g soil, applied as CuS0 4 .5H 20 
Retentien of applied elements 
To a 5-g soil sample, 10-ml of salty water plus 10-ml 
of humic acid suspension plus 30-ml of the trace element 
sulfate solution, were added in 300-ml conical flasks. The 
mixtures were shaken for two hours, allowed to stand for 20 
hours and filtered. All treatments were carried out in dupli-
cate with a soil : salution ratio of 1:10. The trace elements 
were determined in the filtrates and in the original salution 
by atomie absorption. 
The amount of the element retained by the soil, "R", was 
found by difference between the quantities present in the 
original salution "A" and in the filtrate. 
Release of retained elements : 
The soils remaining on the filter paper were washed 
twice with 25-ml of 70 % ethyl alcohol to remave the soluble 
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fractions, and air-dried. 2-g of these air-dry samples were 
shaken for 2 hours with 20-ml of 1 N NH 40Ac pH 4.8 and fil-
tered. Elements present in the extracts were determined by 
atomie absorption and expressed as "E'' values. The extracted 
amounts of the native trace elements, with or without humic 
acid additions, were deducted from the total extracted quan-
tities. 
2 • . RESULTS AND DISCUSSION 
Relevant data on retentien and release of trace 
elements as affected by soil pH, salts and humic acids are 
reported in Table 18 and Figures 18 and 19. Table 19 is a 
summary of the results of analysis of varianee and some of 
the regression equations. 
Soil pH : 
There is a tendency for greater amounts of Fe, Mn, Zn or Cu 
to be retained as the pH of the soil is increased. This in-
crease of retentien might be due to transformation of the 
applied trace elements to exchangeable and/or insoluble forms. 
·In general, retentien of trace elements by soils can be caus-
ed by the following reactions : 
- adsorption on colleidal surfaces 
- formation of insoluble compounds, such as carbonates and 
hydroxides, especially at high pH values 
- complexing with organic matter 
- transformation by microorganisms into less soluble forms. 
The change in retention, as a function of soil pH, was found 
to differ from one element to another in the order 
Mn > Fe > Zn > Cu. By increasing the soil pH from 6.5 to 9.5, 
the increase s in ''R" values were 118, 88, 74 and 59 %, for 
Mn, Fe, Zn and Cu, respectively. 
Table 18. Effect of salts, soil pH and hurnic acid interactions on the retentien and release 
of trace elernents 
------------------------------------------------------------------------------------------.--------------I 
1 Ele- I I . I I I I I I Frac- I SOll pH I 6.50 1 7.00 1 8.20 1 9.50 I 
1 
l ment I ~------------~-----------------~------------------~------------------~--------------------1 I tion I I I I I I I I I I I I I I 
1· I S alt 1 eve 1 S I 0 I I I I I I 0 I I I I I I 0 I I I I I I 0 I I I I I I 
I I I I I I I I I I I I I I I I 
~------~-------,------------~-----,-----,-----,-----,------r-----,-----,------T-----,------,-----,-~-----, 
I I I I I I I I I I I I I I I I 
I I I Hurnic acid I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I · 
I % 0 I 0.361 0.26 I 0.20 I 0.41 I 0.25 I 0.211 0.46 I 0.341 0.33 I 0.67 I 0.57 I 0.53 I 
I I I I I I I I I I I I I I 
R/A : 2 : 0.37: 0.25: 0.21: 0.41: 0.26: 0.24: 0.47: 0.36: 0.33: 0.68: 0.54: 0.49 : 
I I I I I I I I I I I I I I 
I 4 I 0 • 41 I 0 • 2 6 I 0 • 2 4 I 0 • 4 3 I 0 • 2 9 I 0 • 2 5 I 0 • 4 9 I 0 • 3 7 I 0 • 3 3 I 0 • 6 7 I 0 • 5 3 I 0 • 4.6 I 
I I I I I I I I I I I I I I 
-------~------------~-----~-----J-----~-----~------L-----~-----~------~-----~------~-----~-------1 I I I I I I I I I I I I I I 1 
I I I I I I I I I I I I I I 
I 0 I 4.32 I 2.57 I 2.071 4.69 I 2.44 I 2.071 5.32 I 3.191 2.57 I 5.82 I 3.94 I 3.32 I CX> 
I I I I I I I I I I I I I I -...J 
: 2 :3.69:1.82l1.32l3.82l2.07l l.69l4.94l 2.44l2.19l 5.82:3.69:2.94: 
I I I I I I I I I I I I I I I 
I 4 I 2.94 I 1.32 I 0.82 I 3.50 I 1.44 I 1.191 4.40 I 1.691 1.19 I 5.011 3.07 I 2.44 I 
Fe 
E 
I I I I I I I I I I I I I I 
------~-------~------------~-----~-----~-----~-----J------L-----~-----~------~-----~------~-----~-------1 I I I I I I I I I I I I I I I 
I I I I I I I I I - I I I I I I 
I I 0 I 0.141 0.09 I 0.041 0.15 I 0.12 I 0.09 I 0.23 I 0.181 0.12 I 0.30 I 0.24 I 0.19 I 
I I I I I I I I I I I I I I I 
l R/A : 2 : 0.15: 0.11 l 0.06: 0.15 l 0.11 l 0.09 l 0.23 l 0.16 l 0.10: 0.32 l 0.23 l 0.19 l 
I I I I I I I I I I I I I I I 
I I 4 I 0.181 0.10 I 0.041 0.18 I 0.09 I 0.091 0.24 I 0.151 0.10 I 0.321 0.22 I 0.17 I 
I I I I I I I I I I I I I I I 
Mn I_------~------------~-----~-----~-----~-----~----- _I ____ --~-----~---- __ .L ----_J ------~- ____ J_ -----_I I I I I I I I I I I ' I I I I I 
I I I I I I I I I I I I I I I 
I I 0 I 7.75 I 3.75 I 2.50 I 7.75 I 4.50 I 3.25 I 9.25 I 5.751 4.50 I 11.50 I 7.50 I 6.25 I 
I I I I I I I I I I I I I I I 
: E : 2 l 7.oo: 4.oo: 2.75l 7.75:4.50: 3.25l 9.75: 5.75l 4.50: 12.75l 8.oo l 6.50: 
I I I I I I I I I I I I I I I 
I I 4 I 6.751 3.50 I 2.00 I 8.50 I 4.50 I 3.251 9.75 I 6.001 5.00 I 12.751 8.50 I 6.75 I 
I I I I I I I I I I I I I I I 
------~-------~------------~-----~-----~-----~-----~-----J------~-----~------.L-----~------~-----~------J 
Table 18 (continued) 
r------r-----,------------~-----------------------------------------------------------------------------, I I I I I I 
1Ele- 1 Frac- \ soil pH : 6.50 I 7.00 I 8.20 1 9.50 1 I I 1------------~------------------~-------------------i-----~------~-----~------------------- 1 ! ment ! tion l sal t levels l 0 l I l II l ·O l I l II l 0 l I l II l 0 ! I l II ! 
r------------~----~-------~------L-----~-----~------~------~-----~-----~------~-----;------,-----,------1 
: : Humi c acid : : : : : I I I I I I 1 I 
: I % 0 I 0.49 I 0.27 1 0.171 0.55 1 0.30:0.22 : 0.64: 0.41 : 0.30: 0.86: 0.66: 0.57: 
I : I I I I I I I I I I I I I 
1 R/A I 2 : 0.52:0.27 : 0.18: 0.55 I 0.26 I 0.22 I 0.62 I 0.33 I 0.27 I 0.841 0.561 0.49 1 
I I I 1 1 1 : : : : : : : I I 
I I 4 I 0.55 I 0.27 1 0.181 0.54 1 0.24 1 0.21 I 0.62 I 0.30 I 0.24 I 0.83 I 0.54 I 0.45 I 
: I I I I I I I I I 1 1 1 : : 
Zn ------~------------J------~-----•-----4------~------~-----~-----,------~-----~------~-----ï------l : : : : : : : : I I I I I : 
: I Û I 5.22 I 3.72 1 2.601 6.60 1 3.4712.97 I 7.85: 4.85 : 3.97l 10.47l 8.35l 7.47 l· 
I l I I I I I I I I I I I I I 
I E I 2 : 6.22: 2.97 I 2.221 6.47 I 3.22 I 2.47 I 7.10 I 4.35 I 3.351 10.001 6.601 5.60 1 
I I I I I I I I I I I I I 
I I 4 : 6.22:2.97: 2.10: 6.10: 3.10:2.35 : 7.00:3.72 : 3.22l 9.771 5.601 4.72 I CX> 
I I I I I I I I I 1 1 1 : : : CX> 
------~------~------------~-----J------~-----4------~-----~------~-----;------T-----T------ï-----T------: : : : : l : : : : I I I I 1 : 
I I Û I 0.601 0.43 1 0.361 0.66 1 0.50 I 0.45 I 0.76: 0.61 : 0.57l 0.95: 0.871 0.82 I 
: : I I I I I I I I I 1 1 : l 
I R/A I 2 : 0.64 I 0.45 I 0.401 0.67 I 0.5110.47 I 0.781 0.63 1 0.551 0.941 0.831 0.79 1 
I I I I I I I I I I I I I I 
I I 4 : 0.66: 0.46: 0.42: 0.69: 0.55: 0.47 : 0.78: 0.64: 0.54l 0.94: 0.82: 0.76: 
: I I I I I I I I I 1 1 1 1 1 
Cu ------~------------~-----~------~-----~------~-----~------+-----;------r-----r------T-----T------l : · : I I I I I I I I I 1 1 : 
1 1 o 1 ?.sol 5.63 l s.25l 7.50: 6.s.o: 5.63: 9.38l 7.75: 7.38l l2.20l11.25110.381 
I I I I I I I I I I I I I : I 
: E : 2 : 7.38: 5.00: 4.501 7.38 I 5.88 I 5.25 I 9.00 I 7.38 I 6.631 11.881 9.131 8.75: 
I I 1 1 1 : : : : : : : : I I 
I I 4 I 5.75 I 4.88 1 4.501 6.20 I 5.63 I 4.50 I 8.00 I 6.00 I 5.38 1 10.70 1 8.00: 7.50: 
I I I I I I I I I I 1 1 1 1 1 
______ J ______ L------------~-----~------L-----L-----~------~------~-----~------~-------------------------
R = element retained - mg/5 g soil 
A = element added - mg/5 g soil 
E = element extracted - mg/5 g soil 
mg retained/5g soil mg extracted/5g soil 
\ . 16 16 I 
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In accordance with the present results, LUCAS and DAVIS 
(1961) concluded that Mn compounds in soils were the most 
sensitive ones to soil pH variations, when compared to other 
plant nutrients. MISRA an~ MISBRA (1969 b) reported that the 
addition of Na 2co3 to soils increased the retention of ap-
plied manganese. MISRA and TIWARI (1964), however, found that 
Cu retention increased with increasing the pH of the Cuso4 
salution added to soils. 
Salts 
At all levels of soil pH, increasing salt additions resulted 
in a significant decrease in the retained fraction. The ef-
fect of salts, however, was found to differ according to the 
element studied and the pH level. Retention of Mn and Zn was 
mOre affected by salts when compared to that of Fe and Cu, 
in accordance with the pattern observed in Part 1 of the 
present chapter. 
Salts were more effective in acid than in alkaline conditions. 
Indeed, on the soil of pH 6.5, the addition of 300 mg salt/ 
5 g soi~ (II) decreased the retained fractions of Mn, Zn, Fe 
and Cu by 68, 65, 44 and 40 %, respectively, while on the 
soil of pH 9.5 the corresponding decreases were 38, 33, 21 
and 13 %. This phenomenon could be explained by the fact that 
at low pH the applied salt cations are more able to compete 
with trace elements for the adsorbing sites of the exchangea-
bie complex, while at high pH the partial conversion of the 
applied trace elements into insoluble forms can lower the com-
petitiveness of salts. Therefore, one could expect less trace 
element retentien with saline-alkali soils than with non-
saline-alkali soils. 
Humic acids (HA) 
The effect of HA on trace element retentien varied with soil 
pH and salt concentration. In Fig. 19 a comparison is made 
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Generally the addition of HA increased the total retention 
of trace elements in acid soil and decreased the retention 
in alkaline soil. Increasing salt concentration resulted in 
a gradual decrease of the retained fraction. With acid soil, 
the decrease of "R" values as a function of salt additions 
could be due to competition between the applied salts and 
trace elements towards complexation with HA. Under alkaline 
conditions, however, it seems that the applied salt cations 
.could replace part of the native exchangeable trace elements 
and that replaced fraction might be complexed by HA in a 
soluble-humate farm which was removed by filtration. There-
fore, the remaining soil on the filter paper would have a 
lower trace element content (i.e. a lower R value) when HA 
were added. 
In a comprehensiv~ study on humic acid-trace element complexes, 
VERLOO and COTTENIE (1972) concluded that Fe, Mn, Zn and Cu 
farm soluble humic complexes in slightly acid to alkaline 
medium, while in acid medium the humates complexes are inso-
luble. Further experiments were conducted by the same authors, 
in which different doses of Fe, Mn, Zn and Cu were added sepa-
rately to soils, followed by extraction of the soil humic 
acids. Determination of trace elements in these humic substan-
ces showed no differences in concentrations, but, when NaCl 
was added to soils, higher amounts of trace elements were found 
in the HA extracts. This finding means that NaCl could replace 
trace elements from the soil and that these replaced fractions 
could be held in the humic acids of soil organic matter. 
Although humic acid had a statistically significant 
effect on trace element retention, the contribution of HA was 
not as great as one would expect from the high C.E.C. of HA. 
For example, the amount of iron retained by humic acids (at 
a level of 4 %) at pH 6.5 amounted to about 22.5 meq Fe/100 g 
humic acid. Therefore, it is postulated that humic acids do 
not truly represent the main active portion of organic matter 
other fractions such as fulvic acids might be of great impar-
tanee in trace element retention. 
I· 
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Table 19 (A) Effect of soil pH, salt level , humic acid and their 
interactions on retentien of trace elements in 
soil (Analysis of variance) 
~---------------r---~----------------------------------------------
1 Souree of 1 1 calculated "F" values 
I . t' I I 1 
1 var~a ~on 1 df ~------------r----------r---------,------------1 
I I I Fe I Mn I Zn I Cu I 
I I I I I I I 
~---------------~---~------------~----------1----------,-----------~ 
Soil pH 3 ! 15680.47** 2741.92** 2875.42** 20341.47** 





humic acid (HA) 2 1.14 55.25** 
pH X salt 
pH X HA 
salt X HA 



























* significant at 1 % level 
(B) Regression equations descrihing the retentien - humic acid 
relationships at two levels of soil pH. 
(Y = element retained in mg/5 g soil, X = HA %) . 
~----------,-------------r-----------------------------------------~ 
I I Soil pH I 1 
I I I I 
I I 6 5 I = 4 38 I 1 Fe 1 • 1 Y 6 • 0 + 0 • X 1 
I I I 1 
I I 9.5 I Y = 14.07 - 0.46 X I 
I I I I 
: ----------~-------------~-----------------------------------------1 
I I I 1 
I Mn I 6.5 I Y = 4.67 + 0.37 X I 
I I I I 
I : 9.5 : Y = 12.20- o.11 x : 
I I I 1 
----------~-------------~-----------------------------------------~ I I I 
Zn I 6. 5 l no regression component is significant l 
I I I 
I 9.5 I Y = 9.66 - 0.65 X I 
I I I 
----------~-------7-----~-----------------------------------------i 
I I I 
Cu I 6 • 5 I Y = 5 • 9 4 + 0 • 3 1 X I 
I I I 
: 9.5 : y = 11.22 - 0.25 x : 
I I I 
----------~-------------~-----------------------------------------~ 
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MISRA and MISHRA (1969 a) found no remarkable increase in 
manganese retentien when HA were added· to soil. MISRA and 
TIWARI (1966 b) observed a negligible role of humic sub-
stances in copper retentien by soils. 
For all elements studied, the NH 4oAc-extractable 
fraction "E" decreased with increasing salt concentratien 
and increased with increasing soil pH (Fig. 18). The re-
duction in "E" values with increasing salt concentratien 
could be ascribed to an antagonistic effect of applied salts 
on the entry of applied trace elements into the exchangeable 
complex (as shown by the lower R valuès). The increase of 
"E" with increasing pH, was partially proportional to the 
increase of the retained fraction, especially in the case of 
Zn and Cu. 
It is noteworthy that most of the retained fractions 
of Zn and Cu was released by ammonium acetate, while such 
release was not observed for Fe and Mn. Thus, it is possible 
that a great portion of the retained Fe or Mn was converted 
to a nonexchangeable or fixed form. 
The extracted fractions "E" of Fe and Cu gradually 
decreased with increasing humic acid applications, and the 
decrease was more greater at lower pH. To a lesser extent, 
a similar pattern was observed with Zn, except on acid soil. 
In contrast, no definite trend was found in the case of 
manganese. 
In the absence of salts, the percent reduction in the "E" 
values, fol1owing the 4 % humic acid addition, was calcu-





















Accordingly, it appears that humic acids are more effective 
in inducing retentien in acid medium than at alkali pH and 
that Fe and Cu can be held in humic substances more strongly 
than Zn. 
3. CONCLUSIONS 
Increasing soil pH resulted in a gradual increase in the 
retained fractieris of trace elements. The retentien of Mn 
and Fe was influenced by the variations of soil pH more 
than Zn and Cu were. 
Salts were more effective in reducing trace element reten-
tien in acid soil than in alkaline soil. 
- Addition of humic acids generally increased the total re-
tention of trace elements in acid soil and decreased it in 
alkaline soil. The increase in salt concentratien resulted 
in a gradual decrease of trace element retentien by humic 
acids. 
~ The variations in the NH 40Ac-extractable element ("E") 
appear to be proportional to the retentien pattern. The re-
tained fractions of Zn and Cu were readily released with 




TRACE ELEMENT STATUS OF SOME SALINE-ALKALI 
SOILS OF EGYPT 
1. INTRODUCTION 
Much information has been published on the distrihu-
tien of trace elements in soil profiles as well as in diffe-
rent mineral fractions of soils (SWAINE, 1955 i WALSHet al., 
1956 i CONNOR et al., 1957 i BERROW, 1958 i WAHHAB and 
BHATTI, 1958 ; LE RICHE and WEIR, 1963 ; FLEMING and RAYAN, 
1964). Statistical correlation has been also used as an al-
ternate approach to study the relationships between soil con-
tent of trace elements and mechanical soil fractions (KARIM 
et al., 1960; KANTAN and MEHTA, 1961 i RANDHAWA and KANWAR, 
1964 i UDO et al., 1970). In the volumineus literature on the 
subject, it is generally accepted that the smaller-sized 
fractions of a soil often contain greater amounts of certain 
trace elèments than the sand fraction contains. 
Although trace element status of some saline-alkali 
soils has been investigated in different countries (RANADIVE 
et al., 1964; VINAYAK et al., 1964; BHUMBLA and DHINGAR, 
1964 ; GAMZIKOV, 1969), there is scanty information on the 
distribution pattern of these elements in the saline-alkali 
soils of Egypt. In the present Chapter an attempt has been 
made to study the distribution of total and extractable trace 
elements in some saline-alkali soils of Egypt and to evaluate 
their relationship with soil variables, by correlation analysis. 
Egyptian soils 
Egyptian soils of the Nile valley and delta are mostly recent 
alluvial depos i ts from Nile floods . The suspended matter of 
the Nile originates mainly from basalts, me tamorphic rocks 
and acid volcanic ashes of the Abys sinian highlands and pro-
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vides only one type of parent material for most Egyptian 
soils. With regard to the mineralogical composition of the 
suspended matter, NABHAN et al. (1969) found that the sand 
fraction is a mixture of augite, hornblende, epidote (heavy 
sand) ; quartz, feldspar and some volcanic ashes (light 
sand). The fine silt fraction is composed of quartz, plagio-
clase, kaolinite and illite. The dominant mineral of the 
clay fraction can be considered as an expanded illite. 
Normal soils have the characteristics of the suspended matter 
and thousands of years of farming seem to have produced 
little change (SCHOONOVER et al., 1957). With the limited 
water supply used on dense soils in a hot dry climate, leach-
ing is restricted and aften ineffecti~e. Furthermore, the 
water table is frequently within the root zone of the crops 
grown. As a consequence, high alkalinity and high salinity, 
are fairly con~on in Egyptian soils, especially in the northern 
delta. 
2. EXPERIMENTAL DETAILS 
Six soil profiles, representing some highly saline-
alkali soils of Egypt, were collected from the Nile delta. 
All the soil~, except profile II, were cultivated with cotton 
. or citrus trees ; however, very poor growth was observed. 
For profile II (at Hosh Essa) , the soil was not cultivated 
(virgin) , and was covered with a white salt crust and poorly 
drained. 
Soil samples were analyzed for partiele size distri-
bution by the pipette methad (DE BOODT and DE LEENHEER, 1967), 
organic matter by the rapid titration methad of WALKLEY and 
BLACK (PIPER, 1950), calcium carbonate (DE LEENHEER and VAN 
HOVE, 1958) , cation exchange capacity and exchangeable sodium 
(DE LEENHEER, 1959). Soil pH was determined in 1:5 soil:water 
suspension. Electrical conductivity was estimated in both 
1:5 and saturation extracts,as described by RICHARDS (1954). 
Total Mn, Zn, Cu, Ni, Co and Fe were determined by direct-
reading spectrography (COTTENIE et al., 1967). 1.0 N NH 4oAc 
buffered .at pH 4.8, 0.1 N and 0.5 N HN0
3 
were used for the 
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extraction of trace elements from the air-dry soils. Extrac-
tions were accomplished in a soil:extractant ratio of 1:5 
by sh~king the mixture mechanically for one hour. Trace ele-
ments in the extracts were analyzed directly by atomie ab-
sorption. 
Correlation coefficient, F-test and regressions were 
calculated to find the relationship between the total con-
tent of trace elements and mechanical fractions, organic mat-
ter content, NH 40Ac- and HN0 3-extractable elements ; also 
between soil pH, organic matter content and the extraetabie 
fractions of Mn, Zn, Cu and Fe. 
3. RESULTS AND DISCUSSION 
The results of mechanical and .chemical analysis of 
the soil studied (Table 20) showed that the soils vary in pH 
from 8.1 to 8.8, in organic matter from 0.40 to 2.32 percent 
and in calcium carbonate from 3.78 to 8.66 percent. Except 
1n the profile taken from Giza, exchangeable sodium consti-
tuted more than 11.0 percent of the exchange capacity. The 
relationship between the E.C. of 1:5 and saturation extracts 
is illustrated in Figure 20. 
Data on total and extractable trace element contents through-
. out the profiles are given in Tables 21 and 22, respectively. 
In Table 23 a comparison is made between the trace element 
status of the Egyptian soils and that of some heavy soils 
from the northern part of Belgium (Polders). F-test results 
descrihing the relationships between soil variables and trace 
elements are presented in Table 24. 
The total Mn content in the Egyptian saline-alkali 
soils, varies from 430 to 1430 ppm, with an average of 1023 
ppm. According to SWAINE (1955), the total Mn of most normal 
soils is in the_range of 200 to 3000 ppm. The Mn content of 
Tedzhen saline soils was reported to be in the range of 100 
to 500 ppm (GRAZHDAN, 1959). Plants grown in soils having a 
total Mn content of 17 to 40 ppm, showed Mn deficiency 
symptoms (SAUCHELLI, 1969). 
Table 20 : Physico-chemical analysis of Egyptian.saline-alkali soils 
I --------------------------------------------------------------------------------------------------------I I I I I I I I 
I I s. I I percent I I I I E.C. I I I 1 depth I I C.E.C. 
: ESP 
I I I 
l Profile I No I in r------T------,----~--r-----,-----, meq/100 g I pH :-~!!~êL~~-----: I I : sand I silt I clay I I I I I I I I cm I I 
0 _ 2 : caco3 l o.M. l I I 1 satura-1 I I I I I >50].1 12-50ll I I I I I 1: 5 I 
I I I I I . I ].1 I I I I I I tion 1 I 
-----------,-----,--------r------y------,-------r-----------,---~----------,------,------,--------r----, 
I I 1 0-30 : 14.9 33.6 51.8 5.86 1.00 51.6 18.5 8.4 23.2 I 6.0 I I 
Kafr El I 2 30-60 19.9 25.3 56.8 4.15 0.80 45.7 18.5 8.3 28 . 5 I 7.5 
Dawar I 3 60-90 21.0 18.5 60.5 3.78 0.72 53.2 23.4 8.3 26.0 I 7.2 I 
I 
I 
II I 4 0-25 35.1 21.9 43.0 8.66 1.08 42.5 13.5 8.5 22.0 5.0 
Hosh Essa I 5 25-50 29.7 22.9 47.4 7.20 0.62 42.0 11.0 8.4 28.0 11..0 I 7.31 -..J 
6 50-75 20.4 26.4 53.2 6.47 0.40 49.7 29.7 8.3 30.0 8.5 
III I 7 0-30 5.0 44.3 50.7 5.49 2.32 59.0 14.9 8.7 1.8 0.4 I 
Basyun I 8 30-60 3.4 46.0 I 50.6 5.73 1.60 58.4 20.6 8.7 2.5 0.6 I 
9 60-90 2.6 53.4 44.0 5.12 1.52 59.4 23.5 8.8 5.0 0.9 
IV I 10 0-25 13.2 42.4 44.4 4.76 1. 96 51.0 20.5 8.4 3.1 0.6 I 
Bah ha I 11 25-50 10.1 56.1 33.8 4.27 0.88 52.9 20.0 8.5 3.2 0.6 
12 50-75 9. 1 57.2 33.7 4.62 0.96 55.3 22.1 8.2 I 4.5 0.7 
I 
I 
V I 13 0-30 14.2 27.2 58.6 6.22 2.64 56.8 17.0 8.1 I 12.5 2.8 
Shibin El I 14 30-70 4.3 33.4 62.3 5.12 1. 08 55.4 19.4 8.2 
I 
7.8 1.9 I I 
Quanater I 15 70-90 4.0 33.6 62.4 5.00 0.88 54.1 20.7 8.3 I 6.7 1.5 I I 
I 
VI I 16 20-60 12.6 46.3 41.1 5.25 1. 20 50.2 5.2 8.4 3.5 0.6 I I I 






















V: 1.27 + 3.59 X 
2 3 5 6 7 8 
E.C. of 1:5 extract, mmhos/cm 
Relationship between E.C. of the 1:5 and saturation extracts of 
Eg yptian saline- alkaline soi ls ( saturation percentage 50-70 l 
• 
- 98 -
Table 21. Total content of trace elements in Egyptian saline-
alkali sóils 
,----------------------------------------------------, 
I ppm in air-dry soil I 
·---------------~----------------------------------------------------1 I I I I I I I I I 
!Profile IS. No I Fe I Mn I Zn 1 Cu 1 Ni 1 Co. 1 
~--------~------i--------i--- - ----~--------t-------t-------t---------1 






: 2 : . 15,600 : 630 110 : 30 30 10 
I I I I 











































































































r-------1-------L--------L-------~--------~--------~------~---------~ I I I I I I I 
I Average l 23,329 l 1,023 l 172 l 48 l. 73 l 36 l 
I I I I I I I I 
1----------------L--------L- ------~--------~--------L------~---------~ 
Table 22. Extractable trace elements in Egyptian saline-alkali soils 
~------------------------------------------------------------------------------------------, 
I . . d '1 . I 
1 ppm ~n a~r- ry so~ 1 
----------------~----------------------------------------------------- ------------------------------------~ 
Profile ! ·Extr. : 1 N NH 40Ac pH 4. 8 0.1 N HN03 0. 5 N HN03 : 
---~--~-------------------------- -------------------------- ------------------------------------~ I I I I I I I I I I I I I I 
I S. No I Fe I Mn I Zn I Cu Fe I Mn I Zn I Cu Fe I Mn I Zn I Cu I Ni I Co I 
I I I I I I I I I I I I I I ---------;------,------,------;------r----- ------T------r-----~------ ------r-----,-----~------r-----~----, 
I ! 1 : 2 . 5 : 3 9 : 0 . 0 7 : 0 . 7 5 tr. : 3 0 . 5 : 0 . 6 5 : 0 . 2 5 9 5 0 : 2 6 0 : 7 . 5 : B . 0 : 6 . 5 : 4 . 0 
2 I 1.0 I 26 I 0 .0 5 I 0.60 0.25 I 35.0 I 0.85 I 0.25 600 I 195 I 6.6 I 8.3 I 3.5 I 1.8 
I I I I I I I 8 I I I I I 3 I 1.0 I 51 I 0.07 I 0.60 0 .5 0 I 56.5 I 1.00 I 0.25 4 0 1 190 1 7.71 10.0 1 2.01 1.5 
I 
. . I 
II I 4 ~ 1.5 I 101 I. 0.30 I 0.60 0.25 I 4.0 I 0.35 I tr. 250 I 260 I 4.2 I 3.4 I 4.0 i 2.5 
r.: I I I I I I I I I I I I 
:::> 1 2.0 I 111 I 0.20 1 0.60 0.50 1 10.0 1 0.451 0.12 250 1 260 1 3.91 3.8 1 4.51 3.3 
6 ! 2 . 5 ! 1 0 4 ! 0. 3 5 ! 0. 6 0 tr. ! 1 9. 5 ! 0 . 4 5 ! 0. 13 2 3 0 ! 19 0 ! 4. 0 ! 4. 0 ! 3 • 5 ! 2. 0 , ~ 
~ 
III 1 7 1 2.0 31 0.15 0.40 tr. 6.0 0.65 0.25 480 225 10.3 9.5 6.5 4.5 
8 : 1 . 5 18 0 . 0 5 0 . 6 0 tr . 5 . 5 0 • 4 5 0 . 2 5 4 3 0 1 5 5 11 . 3 1 0 . 0 7 . 0 4 . 0 
9 I 2.0 12 0.10 0.40 0.25 15.0 0.65 0.13 430 140 7.9 9.1 3.0 1.5 
IV : 10 3.5 98 0.25 0.60 tr. 27.0 . 0.45 tr. 740 360 10.0 13.0 5.5 4.0 
11 5.5 29 0.20 0.40 tr. 21.0 0.65 0.12 930 230 7 . 7 · 10.0 5.0 4.3 
12 7.0 32 0.25 0.40 tr. 22.0 0.95 0.12 980 270 8.1 10.3 7.5 6.5 
V I 13 2.5 124 0.25 0.40 tr. 27.5 0.35 0.13 480 390 11.1 9.0 8.0 6.0 
14 2.0 22 0.10 0.40 0.25 24.5 0.75 0.25 390 145 6.6 6.6 4.0 2.3 
15 2~0 21 0.10 tr. tr. 38.0 1.00 0.25 430 170 7.7 7.4 5.5 3.0 
VI 1 16 1 2.0 19 0.07 0.40 tr. 56.0 0.35 0.25 550 160 8.1 10.0 5.5 4.0 
17 ~ 2.0 10 0.10 0.40 tr. 28.0 0.75 0.12 740 130 8.3 9.1 6.5 4.5 
---------~------~------~------~------~-----1 I I I 
I I I I Average 1 2.5 1 50 1 0.16 1 0.48 
I I I I 
1----------------~------~------~-----~------
------1-~~~~-r-~~~~l-~~~~-r--~~~-,-~~~-l--~~~l--~~~-r--~~~l-~~~l 
I I I I I I I I I 
------~--~---~-----~------ ------~-----~-----~------·-~---~----~ 
tr. = traces 
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Table 23. Comparison between the mean values of trace 
element contents of Egyptian saline-alkaline 
soils and Belgian Polder soils 
r---------------------------------ï 
l ppm in air-dry soil l 
---------------------------------~---------------------------------~ I , I . I I I I I 
I So1.ls I Fract1.on 1 Fe 1 Mn 1 Zn 1 Cu 1 
~------------~-------------------L-------J--------~-------J ________ J 
I liE 
· Egyptian Total 23,329 1,023 172 48 
0.1 N HN03 extract 
·traces 25 0.63 0.19 
0.5 N HN0 3 extract 550 220 7.70 8.30 
0.1 N percent 2.40 0.37 0.40 -----Tot al 
0.5 N percent 2.36 21.50 4.48 17.29 -----Tot al 
____________ J ___________________ J ________ ~--------~-------~--------~ 
Belgian** Total 13,778 160 37 13 
0.1 N HN03 extract 47 20 2.5 1.5 










95 11.5 5.5 
12.50 6.80 11.50 
59.40 31.10 42.30 
____________ J-------------------~--------~--------~-------~--------~ 
mean values of 17 samples 
mean values of 100 samples 
(The soils are heavy clays pH + 6.5 caco3 3-4 %) • 
Unlv. Gent 
Bibliotheek 
fu. landbouw , 
Table 24. "F" values discrihing the relationship 
trace elements and soil variables 
between the total content of 
~-------------,------------.-------------,-------------,------------,--------------~-------------, 
:Element : sand + clay: silt + clay : Clay : o.M. : NB4 0Ac- : 0.5 N HN03-: 
1 1 1 1 1 1 exf.ractable 1 extractable I 
I I I I I I I I 
~- ------------,------------.-------------,-------------,------------,--------------~-------------, 
I I I I I I I I 
I I I ll{ I I I I ll{ I 
I Fe I 1.547 I 5.503 I 1.595 I 1.936 I 2.541 I 8.111 I 
I I I I I I I I 
I I I I I I I I 
:-------------~------------~-------------~-------------~------------~--------------i-------------~ 
I I I I I I I I 
I I I *"' I I I I I 
I Mn I 1.611 1 16.794 I 1.800 I 3.894 I 4.866 I 0.009 I 
I I I I I I ' I I 
I I I I I I I I 
1-------------~------------~-------------~-------------~------------~--------------~-------------~ I I I I I I I I 
I I I I I I I I 
I I I ** I I ** I I ** I I Zn I 0.440 I 11.034 I 0.592 I 14.070 I 0.808 I 11.659 I 
f I I I I I I I 
I I I I I I I I 
r------------,------------,-------------,-------------,------------,--------------~-------------4 
I I I I I I I I 
I I I ** I I ;« I I ;«ll{ I 
I Cu I 2 . 15 9 I 1 3 • 51 6 I 0 • 3 2 3 I 4 • 9 2 2 I 3 . 4 9 2 I 1 7 . 7 2 0 I 
I I I I I I I I 




significant at 5 % level 




The average extractable-Mn of the examined Egyptian soils 
is 25 ppm with 0.1 N HN03 , 220 ppm with 0.5 N HN0 3 , and 
50 ppm with NH
4
oAc . For comparison, the exchangeable Mn con-
tents of the coastal saline soils of East Pakistan varied, 
in the surface layer, from 31.0 to 36.0 ppm (KARIM et al., 
1960). BHUMBLA and DHINGAR (1964) reported that the exchan-
~eable Mn of Punjab saline-alkali soils was generally less 
than 2.0 ppm and they considered this level low or defi-
cient. COPPENET and VOIX (1951) found that plants growing 
on soils containing less than 1.0 ppm of exéhangeable Mn 
showed deficiency symptoms. According to -SHERMAN and HARMER 
(1943), alkali soils should have at least 3.0 ppm exchangeable 
Mn to be above deficiency levels. 
With regard to the above-mentioned limits, it ap-
pears that the saline-alkali soils of Egypt are well sup-
plied with both total and mobile Mn, and that there is no 
danger of an absolute Mn deficiency. Results in Table 23 show 
that, in the Egyptian soils, Mn has the greatest mobil~ty,Df 
the trace elements studied. The pronounced solubility of Mn 
in profile II, where NH 4oAc extracted about 21 % of tbe total 
Mn and only 6.5 % was found as an average for the whole series, 
reflected the impeded drainage conditions which might favour 
the reduction of manganic oxides to the mobile manganeus form. 
A highly significant relationship exists between the 
silt ~ clay percent in the soil and the total Mn content. 
This relationship can be expressed by the following regres-
sion equation 
y =- 1090.96 + 24.45 x 
where Y = ppm of Mn and X = percent silt + clay. 
3.2. Zinc 
The total zinc content in the Egyptian soils varies 
from 110 to 220 ppm, with an ave rage of 172 ppm. STANCHEV 
et al. (1962) stated that the top horizons of Bulgarian saline 
soils conta ined 39- 6 3 p pm of tota l Zn. In Uzbekistan saline 
soils, the total Zn content var i e d from 44 to 83 ppm 
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(MIRZAEVA, 1963). The total amount of Zn in various normal 
soils is reported to be from 10 to 300 ppm (SWAINE, 1955). 
The average values of 0.1 N HN0 3 , 0.5 N HN03 and 1.0 N NH 40Ac 
extractable Zn in the Egyptian soils are 0.63, 7.7 and 0.16 
ppm, respectively. LYMAN and DEAN (1942) obtained values of 
0.5 to 0.6 ppm, extracted by NH 40Ac pH 4.6, for soils on 
which Zn-deficient pine-apple plants were grown. WEAR and 
SOMMER (1948) found a good correlation between the amounts 
of Zn extracted by 0.1 N HCl and the presence or absence of 
deficiency symptoms. Where deficiency syrnptoms occurred, the 
Zn content ranged from 0.5 to 0.9 ppm. VIETS et al. (1954) 
found 0.8 to 1.3 ppm Zn, extracted by.0.1 N HCl, in soils 
where various field crops showed Zn deficiency. BOAWN et al. 
(1960) and WEAR and EVANS (1968) gave evidence that extrac-
tion with 0.1 N HCl measures that portion of soil Zn, which 
is available to plants. 
Regardless of the normal range of total Zn, it can 
be concluded that the saline-alkali soils of Egypt are ex-
tremely deficient in available Zn. Deficiency syrnptoms of Zn 
in citrus trees were indeed observed for . some saline-alkali. 
soils of the Nile delta. 
Statistical analysis showed that total Zn content in 
the Egyptian soils is significantly correlated with the silt + 
clay fraction, organic matter content and 0.5 N HN03-extrac-
table Zn. These relationships can be expressed by the follow-
ing regression equations : 
y = - 113.17 + 2.56 x where y = tot al Zn in ppm 
x = silt + clay percent 
y = 58.23 + 41.32 x where y = total Zn in ppm 
x = organic matter percent 
y = 0.70 + 0.41 x where y = 0.5 N HN0 3-extractable 
Zn in ppm 
x = total Zn in ppm 
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The Egyptian saline-alkali soils contain from 18.0 
to 63.0 ppm total Cu, with an average of 48.0 ppm. CHEN et 
al. (1967) reported that the average Cu content of Taiwan 
alluvial saline soils was 14 ppm. In Australian soils, less 
than 8.0 ppm total Cu was considered to be low or in the 
deficiency range (CHAPMAN, 1966). STENBERG and EKMAN (1948) 
found that 8.0 to 10.0 ppm total Cu in mineral ~oils sufficed 
to produce grass crops with a normal Cu content. 
The mean values of extractable-Cu of the -Egyptian soils are 
0.19 ppm with 0.1 N HN03 , 8.3 ppm with 0.5 N HN0 3 and 0.48 
ppm with NH 4oAc extract. According to BOULD et al. (1950), 
0.9- 1.6 ppm Cu extracted by 0.1 N HCl was considered as the 
deficient range. BHUMBLA and DHINGAR (1964) stated that for 
normal growth, 0.5 ppm exchangeable Cu was roughly the boun-
dary between normal and low supply of this element. 
On the basis of the above-mentioned limits, the total 
I 
copper content of the Egyptian soili is within what would be 
considered the normal range. In contrast, the available frac-
tion of copper is low, perhaps due to the high soil pH and 
caco3 content. The very low ratios of available (0.1 N HCl-
extractable Cu) to total Cu content in Egyptian soils, when 
compared to those of normal Belgian soils (Table 23), indicate 
the v~ry low solubility of Cu-bearing compounds under saline-
alkali conditions. 
Similarly to Zn, the total Cu content is significant-
ly correlated with silt + clay percent, organic matter per-
centage and 0.5 N HN0 3-extractable Cu. The following regres-
sions were found for these relationships : 
y = - 43.45 + 1.05 x where y = tot al Cu in ppm 
x = silt + _clay percent 
y = 33.71 + 11.49 x where y = total Cu in ppm 
x = o rganic matter percent 
y = 1.89 + 1.35 x where y - 0.5 N HN0 3 - extrac-
table Cu in ppm 
x - tot al Cu in ppm 
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3.4. Cabalt and nickel 
The amounts of total Co in the saline-alkali soils 
of Egypt vary between 10 and 60 ppm, with an average of 
36 ppm. DAVIDSON and MITCHELL (1940) observed that livestock 
suffering from nutritional deseases w~re grazed on soils con-
taining less than 5.0 ppm total Co. WALSHet al. (1956) found 
that the good pasture soils of Ireland had more than 5.0 ppm, 
the moderately deficient soils had 2.5 to 5.0 ppm and the 
severely deficient soils had less than 2.5 ppm of total cobalt. 
SAUCHELLI (1969) stated that 0.5 - 3.0 ppm of total Co could 
be considered as a deficiency limit. 
The total nickel content of the Egyptian soils varies 
between 15 and 110 ppm, with a mean value of 73 ppm. In 
Tedzhen saline soils, the total Ni content was reported in the 
range of 40 to 100 ppm (GRAZ HDAN, 1959). VENSELOW (1952) found 
from 8 to 100 ppm total Ni in normal California soils. PAINTER 
et al. (1953) stated that the nickel content of some United 
States' soils varied from 2.5 to 40.0 ppm. 
If the soils in the present survey are grouped accord-
ing to the classification suggested in the mentioned sources, 
it can be concluded that the Egyptian saline-alkali soils are 
well supplied with both total cabalt and nickel. 
3.5. Iron 
The element Fe is to be ranged between the major ele-
ments when the total content is considered. The amount of 
mobile, exchangeable or extractable Fe, however, is of the 
same order of magnitude, as for other trace elements. 
The total iron content of the Egyptian soils varies 
from 1.14 to 3.40 % with an average of 2.33 %. In numerous 
investigations, there is general agreement that plant defi-
ciency of Fe bears no relation to total content of the soil. 
In the Egyptian soils, 0.1 N HN0 3 extracted minor amounts of 
Fe (t races) and an average of 550 ppm Fe was solubilized by 
0.5 N HN03 . It is noteworthy tha t Fe in the 0.5 N HN03-extract 
is of no value in diagnosing Fe status, since it represents, 
in part, the less available fractions (oxides or hydroxides). 
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BHUMBLA and DHINGAR (1964) considered the saline-
alkali soils of Punjab very low in Fe supply, since they con-
tained from 1.3 to 14.0 ppm Fe, measured by sodium acetate 
adjusted to pH 2.8. ~nmonium acetate pH 4.8 was also given 
as a chemical availability index for soil iron (BLACK et al., 
1965). 
Cernparing the NH 40Ac-extractable Fe in the Egyptian soils 
(average of 2.5 ppm) with the values reported for normal 
Belgian soils (sometimes as high as 40 ppm) , it can be con-
cluded that the mobile Fe in the saline-alkali soils of Egypt 
is rather low. 
The percentage of silt + clay, as correlated with the 
total Fe content of the soils studied, can be expressed by 
the ~egression equation 
y = - 6177.69 + 341.24 x 
where Y = total Fe in ppm and X = silt + clay percent. 
~he amount of Fe extracted by 0.5 N HN03 is also correlated 
with the total Fe content and the regression equation for 
this re~ation was found to be 
y = 1.89 + 1.35 x 
where Y = extractable Fe in ppm and X = total Fe in ppm. 
Statistical analysis also showed, that none of the 
NH 40Ac- or 0.5 N HN03-extractable Mn, Zn, Cu or Fe has any 
relationship with soil pH or organic matter content. 
Data on total and extraetabie trace elements (Tables 
21 and 22) revealed that, in some instances, surface enrich-
ment occurred. This is particularly true for extraetabie Zn . 
and Mn. For the rest of the elements studied, the distribution 
pattern is not consistent. Nevertheless, variations in the 
trace element content within the profiles might be related to 
changes in mechanical composition and in organic matter con-
tents. 
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The generally irregular pattern of trace elements throughout 
the profiles reflects the nonunifor1n soil texture with depth, 
and the lack of pronounced pedogentic processes, since depo-
sition has taken place under varying conditions of topography 
and rate of flow. 
4. CONCLUSIONS 
- The examined saline-alkali soils of Egypt are well supplied 
with total trace elements. 
- Except for Mn, the mobile (available) fractions of Zn, Cu 
and Fe are extremely low. 
- Correlation analyses indicate that the total amounts of 
trace elements increase with an increase in the silt and 
clay content of the soil. 
- The distribution pattern of trace element throughout the 




SPECTROPHOTOMETRIC STUDIES ON THE STABILITY OF SOME Fe AND 
Cu CHELATES AND THEIR EFFECTIVENESS WHEN APPLIED TO 
SALINE-ALKALINE SOIL 
1. DEFINITIONS : Complex formation, Chelation, Sequestration 
When a metal ion combines with an electron donor, 
the resulting substance is said to be a complex or coordina-
tion compound. If the substance which.combines with the metal 
contains two or more donor groups so that one or more rings 
are formed, the resulting structure is said to be a chelate 
compound or "metal chelate", and the electron donor is said 
to be a "chelating agent". 
The electron-pair bonds formed between the electron-accepting 
roetal and the electron-donating complexing or chelating agent 
may be ionic or covalent, depending on the metals and donor 
atoms involved. 
Simple examples of complex formation and chelation may be 








M + 2 A - A > A--M---A Metal chelate 
~l 
where M represents a roetal ion, A represents a complexing 
agent, and A - A represents a chelating agent. 
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In general metals bound in chelate rings have essentially 
lost their cationic characteristics and they are less sub-
ject to participation in some chemical reactions. The forma-
tion of soluble roetal chelates prevents inactivation of the 
roetal in soil and keeps it available to plants. This is the 
characteristic that makes these compounds useful in agri-
culture. 
Sequestration is the suppression of a property or 
properties of a roetal in solution, without remaval of that 
roetal from the system or phase by any process. The sequestra-
tion is most aften achieved by chelation · (SMITH, 1959). In 
sequestration, it is nat necessary that the complex contains 
a heterocyclic ring structure invalving the roetal ion, as 
in chelation (LEHMAN, 1963). 
2. INTRODUCTION 
The use of synthetic chelates as nutrient sourees for 
agricultural crops was developed within the past 20 years'. 
Control of iron chlorosis in fields by iron chelates was first 
reported by ST EWART and LEONARD (1952), who used Fe EDTA as 
a souree of iron for citrus trees. Fe EDTA was first used as 
a souree of iron in nutrient salu tion studies of higher plants 
·by JACOBSON (1951). Research has been directed towards syn-
thesizing new chelates and studying their properties. Because 
these new compounds can be made with a wide range of proper-
ties, they are being us ed not only as agricultural sourees of 
heavy metals, but also as tools to study the mechanism of 
uptake and translocati9n of these elements in plants. 
Agricultural application of chelates has been influen-
ced by their stability, pH of the soil, kind of erop and cost 
of material, which may prevent their large-scale use (BROWN, 
1969). 
The basic problem associated with the effective use of roetal 
chelates applied to soil is, in practioe, limited by chemical 
chang es such as . : alkaline h ydraly sis at high pH resulting 
in precipita tion of Fe as iron h ydroxide, exchange of the 
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chelated roetal with other more stable chelate-forming cations 
in the soil, fixatien by clay and possible toxic effects on 
growing plants (ABDUALLA and SMITH, 1963). 
WALLACE (1962) has listed the requirements of a 
successful chelating agent 
a- Por spray apElication 
1. It must be easily absorbed through the leaves and 
easily translocated in plants. 
2. It must not be toxic to leaves or fruit at concen-
trations nacessary for effectiveness. 
3. It must be compatible with other spray materials. 
4. It must be relatively inexpensive. 
b- Por soil apElication 
1. The roetal (Fe, Zn, Cu or Mn) in the chelate ring 
must not be easily replaced by other metals in 
the soil. 
2. The roetal chelate must be stable against hydrqly-
sis in all kinds of soil. 
3. The chelating agent must be resistant to decompo-
sition by soil microorganisms. 
4. The roetal chelate must be water soluble. 
5. The chelating agent must not be easily fixed in 
soil, especially on clay. 
6. The roetal must be available to the plant at the 
root surface. 
7. The chelating agent must be non-toxic to plants. 
Synthetic che lating agents now in use in erop production 
meet some, but not a ll, of these characteristics. 
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3. STABILITY CONSTANT 
The stability of chelates can be characterised by 
the logarithm of the formation constant, or if prefered, 
of the reciprocal of the dissociation constant. Relative 
stability is considered to be one of the most important cha-
racteristics of synthetic chelating agents. Stability con-
stants have been determined for a number of chelating agents 
with different metals, to seek a more comprehensive under-
standing of their formation and structure. 
For an equilibrium involving interaction of an ion with a 
chelating agent, the formula (MARTELL and CALVIN, 1962) is 
M + x L M L 
x 
The stability constant is K 
where M roetal cation 
L chelating agent anion 
MLx roetal chelate. 
(M) (L)x 
For convenience, tables usually list the log
10 
(log K) of 
the stability constants. 
Since H+ ions interact with the chelating anion, pH 
should be included in the expression of the stability con-
stant. The reaction involved (WALLACE, 1962) is usually : 
roetal ion + chelating agent roetal chelate + H+ 
Then K could be expressed in general as : 
(metal chelate) (H+) 
K = 
(free roetal ion) (free chelating agent) 
Lowering the pH, therefore, decreases the tendency for a 
roetal chelate to be formed. 
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ABREVIATIONS OF CHELATING AGENTS (WALLACE, 1962) 
EDTA Ethylened i amine tetraacetic acid 
DTPA Diethylene triamin e pentaa cetic acid 
CDTA Cyclohexa ne trans 1,2-diamino tetraacetic acid 
EDDHA Ethylenediamine . di ( O-hydroxyphenylacetic acid) 
)j':(APCA or EHPG) 
HEEDTA Hydroxyethy l ethylene diaminetriacetic acid 
~(HEDTA) 
DHEEDDA Dihydrox ye thyl ethyleneàiaminediacetic acid 
;,; (HEEDDA) 
NTA Nitrilotriacetic acid 
* Alternative abbreviations. 
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4. LITERATURE REVIEW 
There are various factors which govern the stability 
of metal chelates. These can be summarized as fellows 
(LEHMAN, 1963) 
Effect of metal ion .: 
In many chelation reactions, the bands formed are ionic and 
the stability of the chelate for metal ions of the same 
charge generally increases as the size of the metal decreases. 
++ For example, Ca usually farms a more stable chelate than 
Sr++. The stability also increases with increasing charge of 
the metal ion. This is ene reasen why Fe+++ cornrnonly farms 
more stable chelates than Fe++. 
Effect of chelating agent : 
The number of rings formed by ene molecule of chelating agent 
with th~ metal ion (the greater the number of rings, the 
greater is the stability), the size of the chelating ring, 
and the nature of donor atoms are of prime importance. 
External factors : 
Other factors also have a hearing on the chelation equilibrium, 
some actually affecting the equilibrium constant. Increasing 
the temperature generally results in a decrease in the sta-
bility constant. Stability constants usually increase with 
the decrease in dielectric constant of the solvent, and de-
crease with an increase in ionic strength. 
The pH has also a significant effect. This is due t6 the fact 
that at lew pH values hydragen ions can compete with metal 
ions for donor groups, and at high pH hydroxyl ions compete 
with donor groups for metal ions. 
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4.2.1. ~o~l_r~actio~ ~n~ ~l~ali~e_hydEoly~i~ : 
The pH of the soil or growth medium plays an impor-
tant role in the effectiveness of a present metal chelate. 
In this regard two different reactions occur at low pH va-
lues and at higher ones. 
Since chelating agents are, generally, Lewis bases, 
they will react with Lewis acids, including hydrogen ions. 
The hydrogen ion is able to compete successfully with the 
metal ion for the chelate when the equilibrium constant is 
low. For EDTA, metal ions such as Fe or Cu that have a high 
stability constant ar8 relatively unaffected by low pH. 
Below a pH of 5, however, Ca is only very weakly chelated 
(LEHMAN, 1963). 
For a tetrabasic acid, such as EDTA, a number of acid 
forms of the ligand may exist in accordance with the follow-
ing equilibrium (MARTELL, 1957) 
A -4 + H+ +~ 
HA- 3 + H+ +~ 





+ H+ +~ 
As the pH decreases, the ligand A- 4 , which is stable at high 
-3 -2 pH, is successively r eplaced by the acid forms HA 1 H2A , -1 
H3A and H4A and the equilibrium involving the free metal 
ion shows greater d e pendenee on the hydr ogen ion concentration. 
For biological systems above pH 4.5, however, only the more 
-4 -3 -2 basic forms A 1 HA and H2A need to be considered. 
At higher pH values the extent to which alkaline hy-
drolysis occurs is dependent upon the nature of the chelate 
and the pH of the medium. Alka line hydrolysis is especially 
important to conside r for Fe chelate s, because the association 
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of hydroxyl ions with the ferric chelates of polyammino-
carboxylic acids marks the initiatien of a stepwise process 
which culminates in the formation of ferric hydroxides 
(KROLL, 1956) 
where Y is the anionic form of the chelating agent. 
This reaction is of fundamental interest in understanding 
conversions which may occur in soils containing chelated iron. 
The formation of a hydroxy iron chelate may signif icantly 
alter the adsorption processes between soil constituents and 
the roetal chelate, as well as the physiological response of 
the plant to the roetal chelate. It was stated by the same 
author that the pH values at which 50 % conversion to hydroxy 
chelate occurred, were found to be 7.5 and 10.5 for FeEDTA 
and FeDTPA respectively. 






from the relationship Kh == 
K 
where K is the stability constant of FeEDTA, and K is the 
sp 
solubility product of Fe(OH) 3 • These values are generally gi-
ven as 10 25 · 1 and 10-36 , respectively. By substituting these 
values, one obtaines Kh== 10 10 • 9 , a value which indicates 
that the reaction towards the formation of Fe(OH) 3 is of a 
great predominance. 
It was confirrned later by Hill-COTTINGHAM (1957) that, 
at the pH of highly calcareous soils (pH 7.5-8.0), a distinct 
species of iron chelate exists in which one OH- group is 
attached to the iron atorn. This hydroxy-Fe-EDTA is rnuch less 
stable than FeEDTA itself . WALLACE et al. (195~ concluded 
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that a useful chelate for calcareous soils should be resis-
tant to alkaline hydrolysis. They found that the stability 
constant for such a chelate should approach 10 30 . For this 
reasen it was necessary to modify the structure of chelating 
agents to increase stability. 
If an equilibrium is consid~red for the competition 
of two metals "M" and "m" for a single chelating agent spe-
cies "Y", where both metals form 1-to-1 chelates, the equi-
librium is given (SMITH, 1959) by the following general 
equation : 
mY + M +-r MY + m 
for which the equilibrium constant is 
K = 










for the equilibrium M + Y +-r MY 
for the equilibrium m + Y +-r mY 
Such relationships can be a valuable rough guide for practi-
cal applications, to find out the extent to which one roetal 
may be chelated, if the stability constants of both ligands 
are known. 
It was reported by several investigators that exchange 
between chelated and free ions in soil, as well as isotopic 
exchange, took place under variable conditions. 
In earlier studies, STEWART and LEONARD (1954) indicated that 
exchange occurred between chelated iron and other metals, in 
addition to the exchange between chelated and free iron in 
the soil. 
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The rate of exchange of Fe into ZnEDTA was studied later 
(STEWART and LEONARD, 1956). The method con~ isted of sha-
king a solution of Zn~ 5 EDTA with s;il and analyzing the 
supernatant for water-soluble Fe and Zn at various inter-
vals. The initial rate of exchange was very rapid and ten-
ded to decrease after two days. There was approximately 
50 % exchange in 13 days. 
In studies conducted by HILL-COTTINGHAM and LLOYD-JONES 
(1957), FeEDTA and FeHEEDTA labelled with Fe59 were applied 
to 50-g samples of dry calcareous soil which was stored for 
periods ranging from 1 to 15 days before extraction with 
water. It was postulated that the decrease of soluble Fe . in 
the water extract could be attributed . to both replacement of 
Fe by Ca in the chelate molecule and adsorption of the che-
late anion by clay. 
The extent to which exchange reactions occur of the 
type 
FeX + Zn chelate ++ Fe chelate + ZnX 
depends on the stability constants of the chelates, the solu-
bility products of the slightly soluble roetal salts and other 
factors which affect the establishment of equilibrium condi-
tions in soil (WALLACE et al., 1957). STEWART and LEONARD 
(1963) showed that when ZnEDTA is applied to soil, Fe in the 
soil exchanges for Zn in the chelate and quickly makes the 
Zn unavailable. Applications of Na 2co3 , to bring about Fe pre-
cipitation, greatly increased the uptake of Zn from ZnEDTA. 
GUINN and JOHAM (1963) concluded that Cu and Zn can displace 
Fe from FeEDTA and FeHEEDTA to give the corresponding Cu and 
Zn chelates, in spite of the fact that Fe forms more stable 
chelates than Cu and Zn. Calculations were given to show that 
the very low solubility of Fe(OH) 3 makes this displacement 
possible. 
WALLACE and LUNT (1956) reported that different chelat-
ing agents are subjected to "isotopic exchange" between the 
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chelated iron and the native soil iron. Isotopic exchange, 
as illustrated by 
* FeX + Fe chelate * ++ Fe chelate + Fe X, 
was demonstrated when Fe concentrations in salution were 
estimated by both chemical and isotopic analysis. The ex-
tent to which reactions of this nature occur is often small. 
Although reactions of this type do not directly influence 
the effectiveness of chelate use in soils, they do indicate 
that eautien must be exercised in interpreting experimental 
data in which isotapes are used. Using Fe59 labelled DTPA 
and HEEDDA compounds, it was found (HILL-COTTINGHAM and 
LLOYD-JONES, 1958) that considerable isotopic exchange occur-
red and that the exchange increased with increasing the rate 
of application of chelated iron. 
Another example was given _by WALLACE and MULLER (1958), 
who showed that isotopic exchange between chelated zn 65 and 
soil Zn was so great that this methad was inefficient to stu-
dy _the behaviour of Zn chelates in soils. In addition, it 
was postulated by WALLACE (1962) that Zn chelates undergo 
isotopic exchange with soil Zn, as illustrated by the follow-
ing reactions : 
* * Zn EDTA + Zn ++ ZnEDTA + Zn 
* ~ ~ ~ Zn EDTA + ZnEDTA ++ ZnEDTA + Zn EDTA 
ZnEDTA + EDTA~ Z nEDTA ~ + ED•rA 
One of the major reasens why certain metal chelates 
have low effectiveness when applied to soil, is the fixatien 
of the entire metal chelate molecule on clays. Metals fixed 
by this procedure were found to be slightly available to 
plants and not easily removable by salt leaching or electre-
dialysis (LUNT et al ., 1956 ; WALLACE, 1956). 
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With regard to the nature of this fixation, it was 
postulated by WALLACE and LUNT (1956) that ferric ironEDTA 
. -
can be attached to cl~y through a Fe-Ö-clay linkage. The 
degree of fixatien in relation to the cation exchange capaci-
ty of different clay minerals indicated that fixatien occurs 
principally on the edges of the clay rather than on the 
basal planes. This theory was supported by X-ray examination. 
They added that, while FeEDTA was fixed, Zn and MnEDTA were 
not. On the other hand FeEDDHA was not fixed and Zn and 
MnEDDHA were readily adsorbed on clay. 
Concerning the factors which may affect the fixatien 
of chelating agents, it has been widely assumed that the 
amount of chelate adsorbed bi a soil is dependent on its clay 
content, the type of clay .and the pH of the soil. STEWART 
and LEONARD (1955) ·demonstrated with kaoline, bentonite and 
three Florida soils, that considerable variations in fixatien 
took place. The two clays fixed very little EDTA, but the 
calcareous soil fixed rather high amounts. In a comparison 
of five chelating agents, WALLACE et ·al. (1955) reported that 
CDTA was very easily fixed on clays, while EDDHA was not 
fixed to an appreciable extent. HILL-COTTINGHAM (1957) con-
cluded that the adsorption of chelates was hindered by anions 
already present on the clay (as P0 4 ), since chelates are 
adsorbed as anions. In other studies conducted by HILL-
COTTINGHAM and LLOYD-JONES (1958), adsorption by clay was 
one reason for the rapid decrease in reecvered soluble Fe 
with both FeDTPA and FeHEEDTA , while FeCDTA and FeEDDHA were 
found to be comparatively unaffected by contact with soil. 
Contradietory results were reported by HEMWELL (1958), 
who studied the reaction of FeEDTA with clay, using Fe59 and 
c 14 EDTA. He concluded that neither FeEDTA nor EDTA were ad-
sorbed by clay minerals, although the clay minerals did cause 
the loss of Fe from FeEDTA. The loss was a result of the 
formation of an insoluble precipitate, presumably ferric sili-
cate. Beyend this, no reaction was detectable between clay 
minerals and FeEDTA. 
From the aforementioned investigations, it can be stated 




There are several theories which have been proposed 
to explain how plants are able to get iron from soil. These 
theories include : solution of soil iron by H2co3 formed from 
respiratory co2 , solution of soil iron by acidity of excret-
ed organic acids, direct contact and exchange between soil 
particles and plant roots, chelation by organic substances 
excreted by plant roots, and reduction of soil iron to more 
easily soluble Fe++ by reductive mechanisms at root surface 
(EPSTEIN and STAUT, 1952 ; GLADSER and JENNY, 1960 b ; GRANESS 
. and JENNY, 1960 ; ÇHARLEY and JENNY, 1961). Although the 
precise nature of available iron in söil solution or bound 
to soil constituents is not well-known, in acid soils and in 
the absence of strong anionic complexing agents, iron is pro-
~ably available to plants as a complex cation. Increasing 
alkalinity of the soil reduces the availability of iron by 
the formation of insoluble hydrate iron oxides. However, in 
soils of high phosphate contentand in a pH range of 5 to 7, 
ferric iron is converted to insoluble phosphate (KROLL, 1956). 
The amount of soluble iron necessary in solution 
culture for satisfactory plant growth was reported to be 
around 10- 5 M (WALLACE, 1963). The solubility product of 
Fe(OH) 3 is generally given as approximately l0-
36 , which means 
that at pH 6, one would expect a concentration of soluble 
iron of 10- 12 M. This concentration is far too low to meet the 
iron requirement. The solubility product of ferrous compounds 
is much more favourable, but the possible oxidation of Fe++ 
to Fe+++ in aerated soil makes it impossible to maintain a 
sufficiently high concentration of soluble Fe++ to meet the 
requirements of plants. 
It is the function of chelating agents to counteract 
these insolubilization processes and to provide to the plants 
a souree of available element. Most recent studies, as well 
as the ptevious ones, confirmed this point of view. 
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HODGSON (1967) suggested that cornplexing agents can increase 
the availability of rnicronutrients to plants by increasing 
their rnass flow to roots through the soil. 
ELGAWHARY et al. (1970 a) . found that the addition of EDTA 
greatly increased the diffusion of Zn in soils. They conclu-
ded that chelating agents transfarm solid phase forrns of 
rnicronutrient cations in soil into soluble rnetal cornplexes. 
In other studies, the sarne workers (ELGAWHARY, et al., 
1970 b) dernonstrated that cornplexing agents (synthetic or 
natural), or acids frorn root exildates or from decornposing 
organic residues in soils, rnay increase the transport and 
availability of insoluble nutrients. 
The problern as to whether or not the chelating agents 
are absorbed by plant roots, with iron or other rnetals, and 
transported through the plants has resulted in conflicting 
reports. Early investigators suggested that the rnetal chelates 
deliver iron to the roots or absorbing surfaces, but that the 
chelating agent molecules thernselves are not absorbed 
(HUTNER et al., 1950; HECK and BAILEY, 1950; STEWART and 
LEONARD, 1952). 
Later research led to the view that both metals and 
chelating agents were absorbed by plants. In studies with c14 
EDTA and N15 EDTA it was reported (LEONARD and STEWART, 1953) 
that these isotapes were taken up through the roots of plants 
and translocated to the tops. WALLACE and NORTH (1953) indi-
cated that the entire iron chelate was absorbed by plant 
roots. WALLACE et al. (1955) found that EDTA was absorbed by 
plants and that the initial distribution of EDTA through the 
plant was essentially equivalent to that of the iron. They 
added that at least part of the absorbed EDTA rernained as 
EDTA for a considerable time. DEKOCK (1 960) stated that the 
whole chelate was taken into the root, the chelated metal 
being only then liberated by roetabolie processes. HILL-
COTTINGHAM and LLOYD-JONES (1961) found that plants took up 
both iron and chelating agents and that 60 % of the c14 frorn 
14 C EDTA wa s lost frorn plants in 24 days, indicating decorn-
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position of EDTA in plants. In other studies with Cu-chelates 
labelled with cu 64 and c 14 , BERINGER (1963) - concluded that 
the entire Cu-chelate ~olecule was taken up by the plant. 
As a result of these investigations, it has been 
generally accepted that the entire chelating agent molecule 
is absorbed by plants. Several authors (WALLACE et al., 1955 
TIFFIN et al., 1960 i SIMONS et al., 1962) proved this theory 
by showing that when FeEDDHA (a bright red compound) was 
supplied to plants, a short time later the red colour of the 
iron chelate could be observed in the upper parts of the 
plants. 
The remaining questions concern the conditions under 
which chelates are taken up by plants and whether both metals 
and chelating agents are absorbed in equivalent amounts. Some 
evidence has been given for equivalent uptake of metal chelate 
compounds (WALLACE et al., 1955), while other reports suggest-
ed a nonequivalent uptake (TIFFIN and BROWN, 1959). 
The ~of nutrient solutions, as well as of soils, 
seems to have a great influence on the relative uptake of che-
lated metals and chelating agents by plants. JEFFREY et al. 
(1961) showed that the relative amount of Fe and EDDHA accu-
mulated in plants was dependent on the pH of the nutrient so-
lution. At pH 4.0 the Fe concentratien greatly exceeded EDDHA 
concentratien in soybean seedlings i at pH 7.0 the two con-
centrations were equal and at pH 8.5 the EDDHA concentratien 
e xc eeded the Fe concentration. HALE (1963) obtained similar 
results. He reported that in acid solutions Fe uptake greatly 
exceeded the uptake of chelating agent, but the ratio approach-
ad one as the pH was increased. The uptake of chelated Fe 
decreased as the pH increased, probably because the chelate 
molecule became more stable. BHAN et al. (1962) stated that 
Fe from FeEDDHA was less available at pH 7 and 8 than at pH 
4.0, in spite of the fact that FeEDDHA is extremely stable 
at pH 7 to 9 and much less stable at pH 4.0 (KROLL, 1957). 
They further added that the great stability might be the rea-
sen for the failure of some plants to accuroulate Fe from iron 
chelates. 
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The net negative ch a rge on the rnetal chelate mole-
cules rnay affect thei r absarptien by plants. KROLL (1956) 
stated that the hydroxy iron chelates, bearing a higher nega-
tive charge than the iron chelates frorn which they are deri-
ved, should be less absorbed through the root rnernbrane. This 
finding indicates that a higher negative charge of the chelate 
reduces its absarptien by plants. Experirnents with rnustard 
and tornatces indicated that divalent cations (Zn, Cu, Co, Ni) 
which are readily taken up when present in salution in ionic 
farm, are nat as easily absorbed when chelated, particularly 
with EDTA. In contrast, trivalent cations (Al, Cr) are readi-
ly taken up and translocated to leaves when present in a che-
lated ferm. An explanation for this result was given by 
l 
DE KOCK and MITCHELL (1957), that the charge on the chelated 
molecule is a factor cantrolling absarptien by roots, these 
with no charge or a single negative charge being taken up, 
while cornplexes with two charges are nat. 
It is apparent frorn rnany investigations that chelat-
ing agents do facilitate and enhance the translocation of sorne 
metals within the plant. GUINN and JOHAM (1962) showed that 
EDTA and HEEDTA appa rently prornoted translocation of Fe, in-
terfered with translocation of Mn and decreased the uptake of 
Cu and Zn in cotton. In studies carried out by HALE and 
WALLACE (1964), chelating agents were applied to the roots 
of bush bean seedlings before, with, or following Fe 59 appli -
cation. In all three cases the agent EDDHA appeared to faci-
litate translocation of Fe 59 frorn roots to leaves. The sarne 
results were obtainë d by WALLACE and HALE (1961). Other war-
. kers (WALLACE and DE KOCK, 19 6 6) reported that chelating agents 
can increase Fe translocation without necessarily being absorbed 
by plants. Recently WALLACE and MULLER (1969) postulated that che-
lating agents increased the s pecific activity of Fe59 in bush bean 
and soy b ean, while it was nat changed in corn. However, the 
s pecific activity o f zn 65 in plants, in most cases, was 
increas ed by EDTA. 
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4.3.3. Co~p~t~t~og ~e!w~eg El~n! ~o~t_a~d_cgela!i~g_a~e~t~ 
The stability of metal chelates,if not altered by 
plant roots, appears to be an important factor in the 
absorption of metals by plants. 
BROWN et al. (1960) were among the first who showed that 
chelating agents under some conditions can compete with roots 
for Fe. In a series of studies cernparing EDTA, DTPA and CDTA 
with EDDHA, they reported that chelating agents can compete 
with plant roots for Fe and that plant spec~es differ in 
their capacity to absorb Fe from metal chelates. The effec-
tiveness of the competitors was EDTA < DTPA < CDTA, follow-
ing the order of the stability constants of the ferric che-
lates. Wheatland milo (a sorghum variety) was unable to 
absorb and utilize Fe from FeEDDHA unless the Fe concentra-
tien exceeded the EDDHA concentration. In contrast, red 
Kidney beans had the capacity to absorb iron from FeEDDHA 
even when EDDHA concentratien was nine times higher than iron 
concentration. BROWN et al. (1961 b) found that growth waa 
I 
reduced sharply in wheat, rye, corn and PI beans when the 
molar concentratien of DTPA exceeded that of Fe. Under such 
conditions it was concluded that these plants were unable to 
compete with the chelating agents for iron and for this rea-
. son they developed iron chlorosis. 
It was suggested by BROWN et al. (1961 a) that the 
différence between plant species in their capacity to compete 
with chelating agents for iron may be due to differences in 
the reduction capacity of the roots. They stated that plant 
roots may change the stability of me tal chelates through a 
reduction process of F~+++ to Fe++ ions, and that, since Fe++ 
chelates are much less stable than F e+++ chelates, reducing 
the iron at the root surfa ce should make it more readily 
avail a ble to plants. They further adde d that Hav-;keye soybeans 
(very resistant to lime- induced chlor osis) have a greater 
reductive capacity at the root sur fac e than PI soybea ns (very 
susceptible). In other studies made by SIMONS et al. (1962), 
iron c he lates of NTA, HEDTA , EDTA, DTPA, CDTA and EDDHA , with 
stability consta nts r ang i ng from 10 15 to > 10 30 , were suppli ed 
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to chlorotic PI soybeans. Iron was supplied in low amounts 
and the concentratien of the ligands was varied. After two 
weeks the growth of the plants was related to the stability 
constants of the chelates. They found less growth where the 
more stable chelates were supplied and failure of root de-
velopment when roots were placed in solutions containing 
quantities of DTPA, CDTA or EDDHA in excess of that requir-
ed to chelate the Fe present. 
A theoretical treàtment was developed recently 
(HODGSON, 1968) to describe the contribution of synthetic 
Fe chelates to the movement of iron into roots. The study 
indicated that if the plant is actively accuroulating Fe 
from a chelate, the chelating agent is liberated at the root 
surface. Then the liberated chelating agent can develop a 
very steep gradient away from the root, unless other cations 
are available to combine with it. If this is not the case, 
the chelating agent may accuroulate to the point where it 
competes with the root, thereby limiting Fe uptake. 
It appears from the literature cited, that most of 
the studies have been prirnarily limited to the use of che-
lates in calcareous soils. Sorne data are available concer-
ning applications of chelates in alkaline soils (WALLACE et 
al., 1953 ; ABDULLA and SMITH, 1963) but little, if any, 
work has been reported on their use in saline-alkaline soils. 
It was thought that salt cations, which are present in very 
high concentrations in these soils, rnay react as cornpeting 
ions for the chelated rnetals. Therefore, the present experi-
rnents were designed to study the following points : 
- the stability of three chelates as a function of pH and 
cornpeting ions (part 1) 
the behaviour of these chelates in saline-alkali soil and 






5. DESCRIPTION OF THE CHELATING AGENT USED 
There are four synthetic ch~lating agents (EDTA, 
DTPA, CDTA and EDDHA) which have been used rather exten-
sively in experimental plant nutrition. In the present in-
vestigations three of these chelates were chosen : 
1. EDTA : It is the most well-known polyamine carboxylic 
acid type. The use of EDTA has been limited to acid 
soils, because of its lower iron stability constant, 
compared to other chelates, and subsequent hydralysis to 
ferric hydroxide and a salt of the chelating agent in 
alkaline solutions. It has a high affinity for Ca. 
Most of the iron chelates now used'in plant nutrition are 
essentially substituted EDTA compounds. 
2. DTPA : The chelate molecule is somewhat larger than EDTA, 
and FeDTPA is more stable than FeEDTA. It has almast the 
same affinity for Ca, and is thus slightly more effec-
tive in correcting chlorosis on calcareous soils than 
ED'I'A. 
3. EDDHA : This compound was developed by KROLL and co-
workers (1957). It forms the most stable Fe+++ chelate 
which has been used for calcareous soils. EDDHA differs 
from other chelates since the hydroxy groups are pheno-
lic rather than aliphatic. It has a very low affinity 
for Ca. 
The structure, formulas and stability constants of the 














- CH - CH -2 2 
fH 2COOH 
- CH 2 - CH 2 - N - CH 2 - CH 2 -
.,OH 
0- fH - NH - CH 2 - CH 2 - NH -
COOH 
Stability coristants (selected from SILLEN and MARTELL, 1964) 
r---------,-----------------------, 
I I log K I 
I I I 
1 Element 1--------t-------'"1------ -""1 
I I I I I 
1 1 EDTA 1 DTPA 1 EDDHA 1 
~---------~-------4-------~-------~ 
Fe+ 3 25.10 28.00 -33.00 
Cu+ 2 18.70 21.10 
Zn+ 2 16.40 18.30 
Mn+ 2 13.80 15.10 
Ca+ 2 10.57 10.70 7.20 
Mg+2 8.64 9.00 8.00 
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PART 1 
SPECTROPHOTOMETRIC STUDIES ON THE STABILITY OF METAL CHELATES 
AS A FUNCTION OF pH AND CO!I1PETING IONS 
No general theoretical treatment of chelate-soil 
equilibria was attempted until LINDSAY, HODGSON and NORVELL 
(1967) developed an expression for calculating the fraction 
of a chelating ligand associated with any cation in soils. 
Stability-pH diagrams were developed for FeEDTA, FeDTPA and 
FeEDDHA. Detailed consideration was given to the competition 
of Fe+ 3 , Ca+ 2 and H+ forthese chelating agents. Satisfacto-
ry correspondence between the predicted and measured stabi-
lity of Fe chelates in soil was obtained. Recently LINDSAY 
and NORVELL (1969) extended their theoretical studies and 
developed mole-fraction diagrams for EDTA and DTPA in soils, 
~hen the competing cations are either Fe+ 3 , Ca+ 2 and H+ or 
+2 +3 +2 + . . Zn , Fe , Ca and H . These d1agrams gave the ~pecific 
metal-ligand èomplexes that are formed in soils and showed 
how the concentratien of each complex changed with pH. 
In a practical approach, the stability of FeNTA, 
FeEDTA and FeCDTA, were determined spectrophotometrically 
as a function of pH (DE SCHRiüVER and VANDERDEELEN, 1968). 
The optical densities 0f these Fe-chelates (as an indication 
of stability) in the absence and presence of Ca ions, were 
measured over a range of pH from 2 to 12. They concluded that 
the formation constants of these chelates represented a re-
lative scale o f their stahilities in alkaline medium. In 
recent studies (NORVELL and LINDSAY, 1969) the stability of 
Fe, Zn, Cu and Mn EDTA in suspensions of acid, neutral and 
calcareous soils were estimated. It was found that FeEDTA 
was unstable at pH 7.3 and 7.85. However, ZnEDTA and CuEDTA 
were most stable in soil suspensions near neutrality. In acid 
soils Cu and Zn were displaced by Fe, while in calcareous 
soils they were displaced by Ca. The MnEDTA was highly un-
stable in all soils, and this instability should seriously 
limit the usefulness of this chelate as a Mn fertilizer. 
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The development of the stability-pH diagrams is 
based on calculations invalving formation constants of the 
complexes and compounds which control metal-chelate equili-
bria. However, it was stated by LINDSAY et al. (1967) that 
the greatest error in these predicted relationships probably 
results from the uncertainty with which the formation con-
stants are known. 
The objective of the present part of the study was :· 
- A practical estimation of the stahilities of both Fe and 
Cu chelates of EDTA, DTPA and EDDHA as a function of pH 
and competing ions 
- A comparison of these measured stahilities with the re-
calculated stability-pH diagrams of Fe-chelates, previous-
ly developed by LINDSAY and co-workers (1967), and with 
the calculated stability-pH diagrams of Cu-chelates. 
1. EXPERIMENTAL DETAILS 
An eventual characteristic colour is one of the most 
important and distinguishing features of chelate compounds. 
The absorption spectrum of a chelated metal is distinct from 
that of its free ion. The coloured metal chelate solutions 
show a maximum absorption at certain wavelengths (HILL-
COTTINGHAM , 1955 ; SMITH, 1959). Since the absorbance varies 
with the concentratien of the chelated metal according to 
the Lambert-Beer law, the loss of Fe from a Fe-chelate solu-
tion is shown by a decreased absorbance (TIFFIN and BRO~~' 
195 9) . 
In the present study, the stability-pH estimations 
were based on the spectrophotometric measurement of the 
absorbances of both Fe- and Cu-chelates in a pH range of 
2 to 12.5. The effect of Ca, Mg and a mixture of Ca, Mg and 
Na as competing ions for the chelated metals was also studied. 
The metal chelates were obtained by mixing equimolar quanti-
ties of metal sal ts [ Fecl 3 . 6H 2o in the case of Fe and 
Cu(N03 ) 2 .3H 2o in the case of Cu J , and the sodium form of 
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EDTA, DTPA and EDDHA. The sodium forms of the chelating 
agents were prepared from the acid f orm by adding NaOH until 
the whole amount of the chelates was completely soluble. 
After mixing the equimolar solutions of the metals and che-
lates, the "stock solution" of metal chelates was heated to 
approximately 90°C for one hour and stored in brown bottles. 
The final concentrations of the stock solutions were the 
-2 same for all the chelates : 10 M. 
A Unicam SP. 800 spectrophotometer was used for mea:-
suring the absorbances of the metal chelate . solutions as a 
function of wavelength over a range of 250-850 m~. From the 
resultant diagrams of absorbance versus wavelength (Fig. 21), 
the following values were obtained for the optimum wavelengths 
for the spectrophotometric analysis. 
Fe-chelate wavelength cu-chelate wavelength 
m~ m~ 
FeEDTA 400 CuEDTA 735· I 
. 
FeDTPA 400 CuDTPA 730 
FeEDDHA 475 CuEDDHA 650 
.For adjusting the pH of the equilibrium solutions, 10-ml from 
-2 each of the metal chelate stock solutions (10 M) was titra-
ted with 0.1 N NaOH, using an automatic titrator during the 
period of 15 minutes. From the titration curves the approxi-
mate volumes of 0.1 N NaOH, needed to reach the desired pH 
values, were calculated. 
A preliminary experiment was carried out to test the 
optimum concentratien of the competing ions in the equilibrium 
solutions ; the levels were f ound to be 1000 ppm each of Cacl 2 , 
MgC1 2 and a chloride mixture (Cacl 2 , MgC1 2 , NaCl of 1:1:1 
ratio). From this experiment it appeared also "that there is 
no effect of Na+ as a competing ion, even at a concentratien 
4 times higher than the chosen one. The relative stability 
as a function of pH was evaluated by estimating the chelated 
Fe concentration, in the equi librium solutions, by means of 
atomie absorption and spectrophotometric measurements; the same 
trend was obtained with both methods. 
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Fig. 21 A bsorbanee of metal chelates in tunetion of wavelength. 
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Procedure : 
1. Cu-chelates A set of about 24 measuring flasks of 50-ml vo-
lume was used for each of the Cu chelates. Portion of 10-ml 
from the Cu-chelate stock solutions (10- 2 M) were placed 
in the measuring flasks ; then 5-ml from each of 10,000 
ppm cac1 2 , MgC1 2 or chloride mixture solutions were added 
to give a final concentration of 1000 ppm (for each salt) 
in the equilibrium solution. Additions of 0.1 N NaOH were 
made in the absence or presence of these salts, to reach· 
the desired pH values. Deionized water was added to give 
a final volume of 50-ml. The measuring flasks were kept 
in the dark at room temperature for 3 days to equilibrate 
and to allow for possible precipitation. 
At the end of the equilibrium time, the solutions were 
filtered with filter paper Blauband Nr. 589 3 , the pH of 
the supernatant solutions was measured and the absorbance 
was estimated by a Beekman Model 11 B11 spectrophotometer 
at the specific wavelength. 
2. ~e=cge!ates: The sameprocedure was followed in case·of 
FeEDTA. Because of the intensive colour of the FeDTPA and 
FeEDDHA, only 2.5-ml samples of the 10- 2 M stock solutions · 
were placed in the measuring flasks. To maintain the same 
ratio of salts to metals, only 1.25-ml of the salt solu-
t~ons was added. The absorbance of FeEDOHA was measured 
by the Unicom SP 800 spectrophotometer, with which an ab-
sorbance value of 2.0 can be accurately estimated. 
2. RESULTS AND DISCUSSION 
In order to convert the absorbance values of the 
roetal chelates into percent chelate complexed with Fe or Cu, 
a test was made to cbserve the relationship between the ab-
sorbance of roetal chelate solutions and the concentration of 
the chelated metals. It was found that this relationship is 
linear, even at concentr ations twice as high as those whic h 
wer e used in the furth e r studies. An ex ample of these re s ults 
is given in Fig. 22. 
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ppm Fe as FeEDTA 
Fig. 22 Absorbance of FeE DTA in re lation to the con centration 
of chelated iron (original pH= 2.6) 
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The conversion frorn absorbance to % chelate complexed with 
roetal was done as fellows : 
The highest absorbance value of the roetal chelate was con-
sidered to represent 100 % chelate complexed with roetal (Fe 
or Cu) ; then the decreased values of absorbance (as a func-
tion of pH) were related to the highest value and expressed 
as percentage. 
The results expressed as percentages of chelates co~plexed 
with Fe or Cu as a function of pH, in the presence or absence 
of cornpeting ions, are shown in Figs. 23 and 24. 
The EDTA ligand rernains 100 % saturated with Fe below 
pH 6.0. At higher pH values the FeEDTA becornes unstable and 
Fe is precipitated as Fe (OH) 3 . The instability of this chelate 
in alkaline medium is due to the presence of the hydroxyl 
ions, which can cornpete easily with the donor groups for the 
Fe ions. 
In case of DTPA, it appears that the ligand is slightly more 
resistant to alkaline hydrolysis, compared to EDTA , since 
the FeDTPA becornes unstable at pH 7.3. 
FeEDDHA rernains essentially stable in alkaline medium. At 
pH 11.5 (which is considered high for practical use), about 
96 % of EDDHA is still cornplexed with Fe. 
These relative stahilities of Fe-chelates are in agreement 
with the reported values of their stability constants (10 25 · 1 
for FeEDTA, 10 28 · 0 for FeDTPA, and 10 33 • 0 for FeEDDHA). 
Thereby the higher the stability constant, the more resistant 
the Fe-chelate is towards alkaline hydrolysis, and the less 
precipitation of Fe will occur in alkaline medium. 
Studies on roetal chelates in pure acid or alkaline 
solutions rnay be of interest to obtain more knowledge about 
their chernical behaviour. In soil, however, the situation is 
more cornplicated due to the presence of cations which rrtay 
cornpete with Fe according to the corresponding stability 
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constants. Ca++ is considered to be one of the important 
competitors since it forms more stable metal-chelates than 
do any of the other abundant cations in soil solutions, 
and because it exists in high concentrations, especially 
in saline and calcareous s oil. 
It appears from Fig. 23, that the competing cations 
become effective and cause displacement of chelated Fe only 
near neutrality, while in acid medium they have . no effect. 
Further increase of the pH results in a rapid instability 
Of the Fe-chelates and the subsequent precipitation of 
Fe(OH) 3 . This behaviour can be explained -by the former sug-
gestions that in the presence of OH ions the so-called 
hydroxy-iron-chelates are formed, which are less stable than 
the original iron-chelates (KROLL, 1956, and HILL-COTTINGHAM, 
1957). Under these conditions, the cations present in the 
equilibrium solutions can compete more easily with the 
chelated iron. 
The pH values at which displacement of the chelate~ 
• I 
Fe by Ca begins are : 5.5 for FeEDTA, 6.0 for FeDTPA and 9.9 
for FeEDDHA. At pH 7. 0, about 52 % of EDTA and 85 % of DT·PA 
remains complexed with Fe. At pH 11.0, about 85 % of EDDHA 
is still complexed with Fe. This again establishes the role 
of the stability constants and their influence on the resis-
tance of the chelated iron to displacement by other cations. 
Only in case of FeEDDHA Mg++ was more effective than Ca++ 
as a displacing cation. This finding is in accord with the 
formation constants of Mg and Ca with EDDHA (reported ~s 
8.0 7 2 10 for MgEDDHA, and 10 • for CaEDDHA). 
It can be concluded that under alkaline conditions, and in 
the absence or presence of competing ions , the order of sta-
bility of the three Fe-che lates is : EDDHA > DTPA > EDTA. 
This order of stability is the same as the orqer of the for-
mation constants of Fe+++_chelates in pure solutions. 
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Cu-chelates are stable over a wide r ange of pH when 
compared to Fe-chelates (Figs. 23 and 24). EDTA is almast 
stable and remains 100 % complexed with Cu at pH values of 
5.0 to 10.5, DTPA from 6.0 to 11.0, and EDDHA from about 
6.0 to 11.5. This result indicates that the three Cu-che-
lates are stable within the same pH range, in spite of the 
fact that one could expect a higher stability with CuDTPA 
than with CuEDTA in alkaline medium, because the first 
ligand has a higher formation constant with Cu. 
2.4. §~~e~1~~Y-2!_Ç~:~~~1~~~ê-~~-~~~-Ef~ê~~~~-2É-~2~E~~~~g-~Q~ê 
The effect of competing cations, especially Ca++, on 
the stability of Cu-chelates and on the displacement of the 
· chelated Cu is more pronounced than their effect on the Fe-
chelates. The reported values of the formation constants of 
+++ ++ . . ++ ++ 
Fe · and Ca , 1n compar1son to those of Cu and Ca may 
~xplain this difference in behaviour, i.e. Ca++ displaces 
++ 
the chelated Cu more easily than it displaces the chelated 
Fe+++. Therefore, it is expected that the beneficial effect 
of C~-chelaies will be less than that of Fe-chelates when 
applied to a ~oil with high concentrations of salts. 
-3 
At pH 9.0, the presence of 9.0 X 10 M Ca in the 
equilibrium salution left 50 % of the EDTA and 80 % of the 
DTPA complexed with Cu. Since the Ca concentrations and the 
medium conditions were similar, such difference is attribu-
table to the higher formation constant of CuDTPA. Similarly 
to Fe-chelates, Ca was found to be more effective than Mg 
++ for the displacement of Cu complexed with EDTA and DTPA. 
With regard to CuEDDHA, one can easily recognize the extra-
ordinary pattern of the curves which represent the effect 
of Ca, Mg and the salt mixture, and which do not undergo any 
change after a pH of 8.5. 
In the presence of 9.0 X 10- 3 M Ca as a competing 
ion in the equilibrium solution, it is observed that maximum 
stabili ty occurs in the pH range of 5.0 to 6.6 for CuEDTA, 
and 6.6 to 7.3 for CuDTPA. The farmer value is in agreement 
vlith the finding of NORVELL and LINDSAY (1969), that CuEDTA 
was most stable in soil suspension near neutrality. In the 
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Fig. 24 Stability of Cu- chelates in tunetion of pH and competing i ons. 
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absence of competing ions, the results with CuEDTA are in 
accord with those of VANDERDEELEN (1967), ~hat CuEDTA was 
stable in the pH range of 5 to 11. 
3. CALCULATION OF STABILITY pH-DIAGRAMS 
3.1. Fe-chelates 
It was reported by LINDSAY and co-workers (1967) that 
when chelates are placed in soils, the chelating ligand may 
react to form various ionic and molecular species. The total 
ligand ''Lt" in salution may be represented by the following 
equation : 
Lt = L + LH L + LFeXL + LCaXL + LMXL 
. n 
where L is the chelating ligand, LHnL' LFeXL and LCaXL repre-
sent the sums of all H, Fe and Ca ligand species, respecti-
vely ; and LMXL represents the sum of all roetal ligand as~o­
ciations other than those indicated. By considering only the 
species which represent 1 % or more of either Lt or LFeXL, 
and with the assumption that H+, Fe+++ and Ca++ are the major 
competing cations for the chelate ligand, the ratio EFeXL/Lt 
represents the fraction of the total chelating agent in solu-
tion that is complexed with Fe. 
The following equations are used for the calculations of the 
stability-pH diagrams of Fe-chelates from the reported for-
mation constants 
LFeXL FeL + FeLOH + FeL (OH) 2 For EDTA = ( l) 
Lt FeL + FeLOH + FeL(OH) 2 + CaL + HL 
LFeXL FeL + FeLOH 
For DTPA = ( 2) 
Lt FeL + FeLOH + CaL + CaHL + Ca 2L 
LFeXL F~L 
For EDDHA = ( 3) 
Lt FeL + CaHL + CaL 
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In their calculations, LINDSAY et al. (1967) used an inter-
mediate value of 39 as the logarithm of the· formation constant 
- -3 
of Fe(OH) 3 and fixed the Ca concentratien at 2.5 X 10 M. 
In the present calculations of the stability-pH diagrams, an 
average value of 38.1 for log KFe(OH)
3 
(SILLEN and MARTELL, 
1964) was used. For Ca, our calculations were based on the 
concentrations formerly used in the practical studies 
(9.0 X 10- 3 M Ca for FeEDTA, and 2.3 X 10- 3 M Ca for FeDTPA 
and FeEDDHA) . 
In the same way as for Fe-chelates, the following 
assumptions were made 
{l) Cu++, Fe+++, Ca++ and H+ are the major competing cations, 
each accounting for more than 1 % of Lt. 
+++ ++ . 
( 2) The Fe and Cu concentrat1ons are governed by the 
solubility of Fe(OH) 3 and Cu(OH) 2 , respectively. 
(3) C ++ t . . f. d 9 0 0- 3 ( . a coneen rat1on 1s 1xe at • X 1 M experlmen-
tal value) • 
Due to the very low solubility of Fe(OH) 3 , compared to Cu(OH) 2 , 
it appearéd from the calculations that there is no signifi-
cant contribution from Fe as a competitor for Cu above pH 3.0. 
In the case of CuEDTA, for example, it was found that the 
contribution of Fe (from Fe(OH) 3 ) was 3.56% at pH 2.0, 2.18% 
at pH 3.0 and 0.4 % at pH 4.0. 
For this reason iron species were omitted from the following 
equations, which have been used for calculations : 
ECu XL CuL + CuHL + CuLOH 
For EDTA = ( 1) 
Lt CuL + CuHL + CuLOH + CaL + HL 
ECu XL CuL + CuHL + Cu 2L For DTPA ( 2) 
Lt CuL + CuHL + Cu 2L + CaL + CaHL + Ca 2L 
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These equations were eväluated by e xpressing each of the 
ligand species in terros of L, H and fo r mation constants 
as follows : 
(CuL) = KCuL (Cu) (L) (3) 
If Cu(OH) 2 controls the activity of Cu in solution, then 
(L) 
(CuL) = 
K Cu(OH) 2 
( 4) 
where KCuL is the formation constant of the chelate species 
CuL, and K's represent the indicated formation constants. 
In a sirnilar way, the following equations were derived : 
(L) + 3 KHL 
2 
(H ) KCuHL K H 0 
(CuHL) = 2- (5) 
K Cu(OH) 2 
(L) (H+) KCuL KCuLOH KH 0 . (CuLOH) = 2_ ( 6) 
KCu(OH)
2 
(L) (H+) 4 K K 4 CuL Cu2L K H 0 (Cu 2L) = 
2_ 
K Cu(OH) 2 
(7) 
The CaL and HL species of equations (1) and (2), were ex-
pressed as follows : 
(CaL) = KCaL (Ca) (L) (8) 
(CaHL) = K KHL (H+) (Ca) Ca HL (L) (9) 
( 10) 
(HL) + = KHL (H ) (L) (11) 
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Substi tuting all the ligand species in equations (1), (2), 
and (3) by their values in terros of H, L and constants, and 
cancelling out the term L, the ratio LCUXL/Lt (or LFeXL/Lt) 
is obtained. This ratio is plotted as a percentage versus pH. 
The reactions and formation constants which were used in the 
present calculations are given in Table 25. The calculated 
stability-pH diagrams of Fe- and Cu-chelates, together with 
the experimental ones are illustrated in Figs. 25 and 26. 
4. COMPARISON BETWEEN THE CALCULATED AND THE EXPERIMENTAL 
STABI LITY-pH DIAGRAMS 
It appears from the graphs (25 and 26) that, except 
for FeEDTA, there is a depletion in the experimental curves 
of stability from the theoretical ones in acid medium 
(below pH 5.0). This difference, in general, could be attri-
buted to two factors. The first is the possible instability 
of roetal chelates in acid medium, where H+ ions can compete 
with roetal ions for donor groups of the chelating agents. 
The lower stability of roetal chelates (especially 
Fe-chelates) under acidic conditions was reported by several 
authors. KROLL (1957) stated that FeEDDHA was extremely 
stable at pH 7 to 9 and much less stable at pH 4.0. WALLACE 
(1962) reported that at low pH values there is less tendency 
for roetal chelates to be formed. LEHMAN (1963) concluded 
++ that b e low pH 5.0, Ca was very weakly chelated by EDTA due 
to competition with H+. ions. 
With regard to CuEDTA, BYDALEK and MARGERUM (1961) 
estimated the molar absorptivities of CuEDTA species at 
735 m~, which were given as : 104 for CuY- 2 , 82.8 for HCuY , 
and 7.1 for H2CuY. In studies by VANDERDEELEN. (1967), the 
distribution, in percentage, of CuEDTA complexes and free 
Cu ions was calculated as a function of pH. The results of 
these calculations are given in Table 26. 
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Table 25. Formation constants used in the development of the 
pH-diagrams (selected from SILLEN and MARTELL, 1964) 
r----------------------1----------r----------------------------------~ 
I 1 : log K ( formation constant) : 
: Reaction : K r--------r------i-------;-:-------:---: 
1 1 1 EDTA 1 DTPA I EDDHA I lnorg~n·lC I 
I I I I I · I speCleS I 
I · I I I I I I 
~----------------------;--------·--r-------;-------,-------~-----------
H + L ++ HL 
H + HL ++ H2L 
H + H2L ++ H L 3 
H + H3L ++ H4L 
H + H4L ++ H5L 
Fe + L ++ FeL 
FeL + OH ++ FeLOH 
FeLOH +OH++ FeL(OH) 2 
Ca + L ++ CaL 
Ca + HL ++ C.aHL 
I 






Cu + L ++ CuL I I 
I 
Cu + HL ++ CuHL I 
I 
CuL + OH ++ CuLOH I I 
Cu + CuL ++ Cu 2L 
Fe + 3 OH ~-+ Fe (OH) 3 
Cu + 2 OH ++ Cu(OH) 2 












K FeL(OH) 2 
KCaL 
KC a HL 
K Ca 2L 
KCuL 
KC u HL 
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K cu 2L 








































Table 26. Percentages of CuEDTA complexes and free Cu ions 
as a function of pH 
r----------T-----------~--------:--1-------=~---r-----;~--~ 
I pH I % (H
2
CuY) I % (HCUY ) I % (CuY ) I % (Cu ) I 












































From these results, one can see that at pH 3.0 there is 
3.66 % of CuEDTA present as H2CuY, 73.2% as HCuY-, and 
23.10 % as CuY- 2 , while at pH 5.0, 3.07 % is present as 
HCuY- and 96.88 % as CuY- 2 • Thus, the increase in the CuEDTA 
. -2 
species which have higher absorbance values (CuY ) from pH 
3.0 to 5.0, can be one of the reasens why the stability 
curve of CuEDTA showed an increase from pH 3.0 to S.O. 
With respect to the other chelates used in the present stu-
dy, this could be a second causal factor to explain the 
depletion of the experimental stability curves of Fe- and 
Cu-chelates in acid medium. Further study of this phenomenon 
is needed. 
In alkaline medium, the experimental and predicted 
stability curves of FeEDTA are almost identical. In the 
other cases, there are some differences between the curves 
about one unit of pH for CuEDTA and CuDTPA and less for 
FeDTPA and FeEDDHA. As stated by LINDSAY et al. (1967), a 
decrease or i ncrease in log KFe(OH)
3 
of 3 units would shift 
the predicted Fe-chelate curves to the right or to the left, 
respectively , by approximately one pH unit because of the 
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mation constants of Fe- and Cu-chelates (which are reported 
differently in literature) can contribute also to the 
shifting of the predicted stability curves. 
In general, the differences between the stahilities 
of metal chelates evaluated by the two methods (calculation 
or experimental) are not important. Both methods indicate 
that the relative stahilities of metal chelates as a func-
tion of pH are governed and explained by the differences in 
their formation constants. 
The spectrophotometric methad used to study the stability 
of metal chelates as a function of pH or competing ions, is 
quite satisfactory. This methad could be used to study the 
influence of other competing ions on the effectiveness of 
metal chelates, when applied to nutrient salution or soils. 
5. CONCLUSIONS 
- The measured stahilities of metal chelates, especially 
in alkaline medium, correspond very closely with the 
values of the formation constants. 
- In the presence of competing ions, the stability of both 
Fe- and Cu-chelates as a function of pH was in the order 
EDDHA > DTPA > EDTA. 
In the absence of competing ions, the stability of Fe-
chelates was in the same order (EDDHA > DTPA > EDTA) , 
while the three Cu-chelates remained equally stable in 
the same pH range. 
- Competing ions (Ca++ and Mg++) are more effective in 
displacing chelated Cu than chelated Fe. EDDHA has a 
greater affinity for Mg than for Ca, while the reverse 
is observed with EDTA and DTPA. 
- Experimental and calculated stability-pH diagrams are 
almast coincident, suggesting that the spectrophoto-
metric methad is satisfactory and that this technique 
may be useful for further research of the sarne nature. 
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PART 2 
EFFECT OF CHELATE APPLICATION TO SALINE-ALKALINE SOIL, 
ON THE MOBILITY AND PLANT UPTAKE OF Fe, Cu, Zn AND Mn 
1 . EXPERIMENTAL DETAILS 
In order to examine the effects of EDTA, DTPA, 
EDDHA and their Fe- and Cu-chelates, as well as Fec1 3 and 
Cu(N03 ) 2 on the mobilities of trace elementsin soil, an 
incubation experiment was conducted. 
Soil : A saline-alkaline soil from Egypt (Shibin El Quana-
tir, surface layer 0-30 cm) was selected for this study. 
The characteristics of this soil are reported in Table 27. 
Treatments and ap;el.ication rates To reduce the varia:tiorrs 
in pH values of the original metal chelate stock solutions 
(prepared for Part 1), amounts of NaOH were added to raise 
the pH of the three Fe-chelates to pH 5.0 and of CuEDTA 
and CuDTPA to pH 7.0. After adjustment of the pH, the con-
. centrations of chelated Fe and Cu were estimated by atomie 
absorption and were added on this basis. The following rates 
of applications were used 
Iron 
1- Control 
2- 50 ppm Fe as Fec1
3 
3- 11 11 11 11 FeEDTA 
4- 11 11 





6- EDTA (II) applied at rates equimolar with FeEDTA 
7- DTPA (II) 11 11 11 11 11 FeDTPA 




2- 25 ppm Cu as Cu(N0 3 ) 2 
3- 11 11 11 11 CuEDTA 
4- 11 11 11 11 CuDTPA 
5- 11 11 11 11 CuEDDHA 
6- EDTA (I) applied at rates equimolar with CuEDTA 
7- DTPA (I) 11 11 11 1f 11 CuDTPA 
8- EDDHA (I) 11 1f 11 11 11 CuEDDHA 
The equimolar quantities of the three chelating agents were 
applied in the sodium form. 
Incubation and extractions : 
The air-dry soil was passed through a 2-mm plastic sieve, 
100-g soil samples were placed in plastic containers and 
received the treatment solutions. &~ounts from the stock 
solutions with supplementary amounts of deionized water were 
added. The final volumes of the solutions were sufficient 
to bring the 100-g of soil to its field capacity. The soil 
samples with the added solution were mixed, covered and 
incubated at room temperature unti.l extractions were carried 
out. 
Wet soil samples, equivalent to 10-g air-dry soil, were ex-
tracted with water and with 1 N NH 40Ac pH 4.8 after 7 days 
of incubation. Further, l N NH 4oAc pH 4.8 extractions were 
done after 30 days of incubation (corresponding to the plant 
growth period). In all extractions, the soil samples were 
soaked for one hour, then shaken for another hour before 
filtration. The e x tractions were done in duplicate, with a 
1:5 ratio of soil and water or extractant solution. pH 
measurements were made in 1:5 soil:water suspensions on the 
30th day of incubation. Fe, Cu, Zn and Mn concentrations 
were measured in the filtrates by the atomie absorption. 
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Table 27. Characteristics of the soil used for incubation 
and pot experiments 
Mechanical fractions 
Organic matter •.•.•.• .•... •• •• 
Ca CO 3 ••••••••••••••••••••••••• 
Field capacity (1/3 atm.) .•..•. 
pH-H20 .. • • • • • •. • • .. • • .. • . •. • "• 
E.C. of 1:5 extract .•......... 
E.C. of saturation extract •... 
C.E.C. (meq/1 00 g) 
ESP .• ~ .•.•••..•..••••.•...••. ti 
Trace element content 
(ppm in air-dry soil) 
Tot al ......................... 
1 N NH 40Ac pH 4.8 extract ..... 
ó. 1 N HN03 extract ............ 
0.5 N HN0 3 extract ............ 
Sand Silt Clay 
>50~ 2-50~ 0-2~ 









Fe Mn Zn Cu Ni 
24,200 1,240 220 50 75 
2.5 124 .0 0.3 0.4 
traces 27.5 0.4 0.1 





A greenhouse pot experiment was conducted in April 
1970 on the same saline-alkaline soil and with the same 
pattern of treatments used for the incubation experiment. 
Each of the 16 treatments was performed three times. 
To avoid possible puddling of the soil if treatment solu-
tions were added and mixed with the soil befare potting, 
1-kg air-dry soil was first placed in the plastic pot and 
the solutions were then added. Concentratiens and volumes 
of all the treatment solutions were adjusted in such way 
that all the pots received 400-ml, an amount equivalent to 
field capacity + 10 %. 
Two doses of N, P, K were added, in which N was ap-
plied as NH 4No 3 , P and K as KH 2Po 4 with rates of approxima- · 
tely 336 kg N/ha (0.075 g/pot) and 224 kg of both P and K 
per hectare (0.05 g/pot). The first dose was given befare 
sowing and the secend one week after sowing. Also, a calcu-
lated small dose of N was added as NH 4No 3 to the pots of ~he 
control (of Cu-chelates) and to those which received Cu-free 
chelating agents. 
The day after the treatment, 80 barley (Ho~d~um Vutg~~~) 
seeds were sown in each pot and covered with 20-g of acid-
. washed sand. The pots were placed on benehes in random order 
in the greenhouse. During the growth period, the moisture 
contént was maintained at field capacity by periadie addition 
of demineralized water. Plant tops were harvested after 30 
days, dried at 70°C and weighed. 
Plant analysis 
2-g of plant powder (ground dry matter) were placed 
in a silica dish and ashed at 450°C. The ash was moistened 
with about 3-ml of deionized water and 1-ml of concentrated 
HCl, and warmed on a hot plate, then filtered through 
Bleuband Nr. 589 3 filter paper into a 100-ml calibrated 
flas k. The residue on the filter paper was washed 3-4 times 
with hot water. 
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The filter papers with the residue were placed in platinium 
dishes and heated at 550°C for 1.5 hours. The residue was 
evaporated to dryness with 5-ml of hydrofluoric acid, dissol-
ved in 1-ml of concentrated HC l and fil tered into the same 
100-ml calibrated flasks. The flasks were filled with cold 
deioniz ed water. 
The solutions in the calibrated flasks were analysed for 
Fe, Cu, Zn and Mn directly by atomie absorption. 
2. RESULTS AND DISCUSSION 
The data on extractability and plant uptake of trace 
elements as affected by chelation are reported in Tables 28 
and 29 and Figures 27 and 28. Relationships between Fe and 
Cu uptake, soil content and formation constants are given 
in Figure 29. In the following discussion attention is given 
to the effect of Fe- or Cu-chelates and chelating agents on 
mobility and uptake of these elements. Side effects of these 
treatments on Mn and Zn are also considered. 
Statist~cal analysis : 
For both, element uptake by plants and concentratien in the 
soil, an analysis of varianee was performed. Highly signifi-
cant differences were obtained between the treatments as 
shown in Tables 28 and 29. A t-test was conducted and the 
calculated t-values are reported in Table 30. 
2.1.1. ~x!r~c!i~n~ ~i!h_w~t~r_a~d_Ng4QA~ ~f~eE 2 ~a~s_of !n~u~aii~n­
Comparing the extractabilities with water and with NH 4oAc, 
it appears that NH 40Ac extracted higher amounts of Fe than 
water when FeEDTA, FeDTPA and their Fe-free chelating agents 
were applied ; howev er, almost the same amounts were extract-
ed in the case of EDDHA. It was reported by several investi-
gators (WALLACE and LUNT, 1956 ; RICHARD et al., 1957 ; 
HILL-COTTINGHAM and LLOYD-JONES, 1958) that FeEDTA and FeDTPA 
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Table 28. Extractable Fe, Cu, Mn and Zn as affected by applica-
tion of three chelating agents and their Fe- and 
Cu-chelates , at two successive periods of incubation 
------------ï------- ~-------------------------------------------------------1 
: ppm in air-dry soil l 
r---------------------------------------------------------------1 
Treatments : Extraction after 7 days ~xtraction after 30 days : 
~------------------------------------- ------------------------1 I 
: Water-extr. NH 40Ac-extract NH 40Ac- extract 
: Fe Cu Fe Cu Mn Zn Fe Cu Mn 
~---~-------~----- ------ ----- ----- ------ -----
1 I 
:control : 0.0 0. 0 2.0 0.5 135 o .. 75 1.0 0.5 130 
I I 
~-----------~----- ------ ----- ----- ------ ------------- -----
1 I 
: Cu (N03 ) 2 : 0. 0 
I I 
1.0 1.0 0.0 2.0 135 1. 00 1.0 118 
I FeCl 3 I 0. 0 I I 0.0 2.5 0.5 135 0.75 2.0 0.5 120 
L-----------L----- ------ ----- ~- --- ------ ------------- -----
EDTA (I) 0.5 1.0 8.5 4.0 158 1. 25 6.5 
EDTA (II) 1.0 1.0 14.0 5.5 180 1.75 15.0 
FeEDTA 2.0 1.5 18.0 5.0 178 1. 75 16.0 
CuEDTA 0. 5 7.5 5.0 14.0 138 1. 00 4.0 
~-----------~----- ------ ----- ----- -- -· --- -----------...- -I 
DTPA (I) I 2.0 3.5 11.0 2.5 145 1. 00 10.0 I 
I 
DTPA (II) I 6.5 4.0 21.0 5.0 163 1. 25 23.0 
I 
FeDTPA I 9.5 3.5 24.5 3.5 150 1. 00 25.5 I 
I 
CuDTPA I 1.0 14.0 12.0 3.5 138 0.75 10.5 
I 
-----~------L----- ------ ----- ----- ------ ------ -------
EDDHA (I) 12.0 0.5 13.0 0.5 138 1. 00 12.0 
EDDHA (II) 24.0 0.5 23.0 1.0 143 1. 00 24.0 
FeEDDHA 41.0 0.5 36.0 0.5 143 0.75 34.0 
CuEDDHA 2.0 1.5 4.0 l 1.5 138 1. 00 3.0 
~-----------~----- ------ ----- ----- ------ -------------I 
420.~* I "F" values I 
I 
~----- --------------- ------- ----- -------------------------
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were fixed on clays, while FeEDDI-IA was not adsorbed to any 
appreciable extent. Assuming that N~4 oAc c ou ld extract 
appreciable amounts of the adsorbed Fe on clay surface, 
whereas water could not, the difference between the extract-
ed Fe, by both methods, is most probably due to fixation of 
FeEDTA and FeDTPA and the lack of fixation of FeEDDHA on 
clays. The high clay content of the soil used (58.6 %) sup-
ports this suggestion, i.e. when Fe-chelates or the Fe-free 
chelating agents were applied to the soil. 
water extracted less copper than NH 40Ac when CuEDTA 
was applied. In contrast, water extracted more Cu in the 
presence of CuDTPA ; and equal amounts of Cu were extracted 
after CuEDDHA treatment. Despite the liftle information avai-
lable about Cu-chelate fixation, it may be concluded that 
the higher NH 40Ac extractable-Cu in the case of EDTA might 
be related to the fixation of CuEDTA on the colloidal sur-
faces of the soil. 
In order to explain the difference between water and 
NH 40Ac extractions, it is worth mentioning that the pH of 
water and NH 40Ac extracts were 7.5 and 5.0, respectively and 
it was found (Part 1) that CuDTPA is more stable at pH 7.5 
than at pH 5~0. 
2.1.2. Effect of incubation time 
Comparing the NH 4oAc-extractable Fe, Cu, Mn and Zn 
after 7 days withthose after 30 days of incubation, it appears 
that there are no considerable differences with respect to 
Fe, Cu and Zn. This similarity indicates that neither the 
fractions solubilized by chelating agents nor the fractions 
which remained soluble with the added metal chelate have 
changed during an incubation period of 21 days. The stability 
of FeEDTA in the soil during this period of incubation is 
not in accordance with the results of NORVELL and LINDSAY 
(1969), who studi ed the reaction of FeEDTA in acid and alka-
line suspensions over a period of 30 days and observed that 
Fe was continuously lost from FeEDTA in alkaline suspensions. 
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Incubation of the control sample did not result in 
a consistent decrease in the NH 40Ac-extractable Mn (about 
3.7 %) during the incubation period. However, there was a 
reduction in the NH 40Ac-extractable Mn when chelating agents 
were applied (9.5 %, 15.3 % and 12.0 % for EDTA, DTPA and 
EDDHA, respectively). This reduction may be due to the lower 
stability of Mn chelates in comparison to the chelates of 
other cations like Fe or Cu. 
This extract has a great significanee since it was 
made after a period equal to the period of plant growth. 
The effects of chelation on ~he mobildty of the four trace 
elements are discussed separately. 
Extractable iron 
The recovered fractions from the 50 ppm of chelated 
Fe, after 30 days incubation at field capacity, were : 30 % 
for FeEDTA, 49 % for FeDTPA and 66 % for FeEDDHA. The reco-
very with Fec1 3 was only 2 %. The remaining fractions of Fe 
which were not recovered in the NH 40Ac extract, could have 
been involved in the following reactions 
- Fe might have been fixed in a chelated form on the clay 
surface of the soil, to such extent that NH 40Ac could not 
extract the whole fixed amount. 
- Other cations present in soil solution might have repla-
eed the chelated iron, while Fe precipitation as Fe(OH) 3 
or other insoluble compounds might have occurred, due to 
the high soil pH (pH 8.1). 
- Partial hydrolysis of Fe-chelates, leading to the forma-
tion of ferric hydroxides. The extent of this hydrolysis 
depends on the formation constants of the three iron che-
lat es and the subsequent differences in their stability 
under alkaline condit ions. The stability, as shown in Part 
l of this study, is in the order : FeEDDHA > FeDTPA > FeEDTA. 
Such order is the opposite of the order of ease of hydra-
lysis ~ 
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The probability of fixatien on clay, displacement by 
other cationsas Ca++, or alkaline hydralysis was reported 
by several vlOrkers to be in the followi ng order : 
EDTA > DTPA > EDDHA. (WALLACE et al., 1955 ; LUNT et al., 
1956 HILL-COTTINGHAM, 1957 and LINDSAY et al., 1967). This 
order corresponds to the r ecovery values of the three Fe-
chelates (EDDHA > DTPA > EDTA), since less fixation, displa-
cement and hydralysis give a higher recovery of the applied 
Fe-chelates. 
Application of the sodium farms of EDDHA, DTPA and 
EDTA (rate II) increased the extractable Fe by 24, 23 and 15 
times, respectively. In addition, increasing the application 
rates of the Fe-free chelating agents (from rate I to II) 
resulted in an increase of extractable Fe. The effectiveness 
of chelating agents without Fe showed the same order as ob-
served with Fe-chelates (EDDHA > DTPA > EDTA) . Statistical 
analysis (Table 30) indicated, in general, a highly signifi-
cant difference in extractable-Fe when chelating agents with 
or without Fe were applied, however, this difference was pro-
nounced only in the case of EDDHA (Fig. 27). In light of the 
present findings, the addition of Fe-free chelating agents 
is expected to be useful under similar saline-alkaline con-
ditions, to improve the Fe status of soils. 
Iron was also solubilised as a result of Cu-chelate 
additions and CuDTPA was the most effective in this respect. 
The increase of extractable Fe after Cu-chelate additions 
could be attributed to the displacement of chelated Cu by 
native Fe, since Fe-chelates have higher formation constants. 
Extractable copper 
As a result of the 25 ppm addition of chelated Cu to 
the soil, the recovery (by NH 4oAc extracts) amounted to 52 %, 
22 % and 2 % with CuEDTA, CuDTPA and CuEDDHA, respectively, 
while only 2 %was reeavered with Cu(N03 ) 2 . This result means 
that the Cu-chelates gave an opposite stability pattern in 
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Since the f ormation co n stant a nd the me asured sta bility 
(Part 1 ) o f CuDTPA a re highe r than t hose of CuEDTA , one 
c o uld expe ct a hig h e r stability and effectiveness of CuDTPA 
in the soil used. The former exper imental observations, 
however, may be .explained by the effect of native Fe as a 
competing ion for the chelate d Cu. The competition of Fe is 
expected to be less in the case of CuEDTA than with CuDTPA 
and CuEDDHA. 
The solubilization of native Cu with EDTA and DTPA . 
addition was relatively low and no s o lubilization was ob-
served with EDDHA. Cernparing the overall- effect of t he Cu-
c helates and the Cu-free chelating agents on extractable-Cu, 
a highly significant difference was confirmed (Table 3 0). 
Native Cu was also solubiliz e d by FeEDTA and FeDTPA to about 
the same extent as with EDTA and DTPA applications. 
Extractable Manganese and Zinc 
EDTA and , to a lesser extent, DTPA (rate II) causëd 
some increa se in extractable Mn, while EDDHA addition had no 
appreciable effect. The limited ef f ect of the present chela-
ting agents on Mn solubilizat i on could be attribut ed t o the 
low formati o n constants of Mn-chelates, in compar ison to 
those of the other ma in heavy metals in soil solut ion, and 
to the re s ulting low affinity of such l i gands to chelate b1n. 
The in s tability and limited u sefulness o f Mn-chela t e s as Mn 
fertiliz e r s wer e r epo r ted b y LI NDSAY and co- worker s (1967) 
and NORVELL and LI NDSAY (19 6 9) . 
Similar ly, more Zn was mob ilized by EDTA and DTPA 
than by EDDHA . The abso l ute quant i t ies o f e x t rac table Zn 
were l ow in al l cases , and t he l eve ls wi th EDTA were still 
low. 
2.2. ~1~~~-~~~~~§_QE-~E~~§_§~§~§~~§ 
The data obtained are expressed i n t erms o f upt~ke 
( ~g/po t) ónly, since there was no significant diff erence i n 
the dry matter y i e l ds with the treatments. 
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Uptake of iron 
The overall effect of chela€ing agents, or Fe-che-
lates, was an increase of the uptake of Fe by barley, while 
the application of Fec1 3 resulted in a minor increase. 
Increasing the application rates of chelating agents from 
rate I to rate II, caused an increase in Fe uptake. With 
EDTA, Fe uptake was 419 and 490 ~g/pot at doses I and II, 
respectively. The corresponding Fe concentrations in the 
soil were 6.5 and 15.0 ppm (NH 40Ac extract), indicating that 
the increase in Fe uptake was proportional to the soluble Fe 
in the soil. In the case of DTPA and EDDHA, a similar pattern 
was observed. 
It appears from Figure 28, and it has been confirmed statis-
tically, that the .difference in Fe uptake when chelating 
agents with or without Fe were applied, is not significant. 
This finding could be explained as follows 
- Chelating agents without Fe have mobilized enough Fe by 
transforming the solid phase forms of Fe into soluble Fe 
complexes. 
- Chelating agents have increased the diffusion rate of Fe 
near the root surface. 
- Chelating agents, especially EDDHA, might have enhanced 
the translocation of Fe within the plant. 
The pronounced effect of Fe-free chelating agents on 
Fe uptake is in contras t to other findings, which indicated 
that Fe-free chelating agents were not v ery effective and 
might even compete with roots for Fe under given circumstan-
ces (WALLACE et al., 1955; BROWN et al., 1960; WALLACE, 
1963). 
The increase of Fe uptake by application of chelating 
agents , either with or without Fe, was found to have the 
following order of effectiveness 
. EDDHA > DTPA > EDTA. 
Thi s order corresponds with the degree of Fe solubility in 
the soil, the measured stability of Fe-chelates in alkaline 
medium (Part l), and also with the formation constants of . 
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Table 29. Uptake of Fe, Cu, Mn and Zn by barley, as 
affected byapplication of three chelating 
agents and their Fe- and Cu - chelates 
1----~------~-----------------------------------------------~. 
: : f.lg/pot : 
I Treatment 1--------- -------------------- ------------- -----~ I I I 
I I Fe Cu Mn Z n I 
I I I 
~-----------1----------- ------------ ---------- -----------, 
I I I 
1 Control 1 396 90 273 172 I 
I I I 
I I I 
~-----------1----------- ------------ ---------- -----------, 
I I I 
I Cu (N0 3 ) 2 I 421 102 267 158 I I I I 
I l I 3 I I FeC 3 1 427 92 267 19 1 I I I 
-----------~----------- ------------ ----------------------~ I 
EDTA (I)· : 
I 














106 265 198 
99 219 257 
96 233 189 
188 301 209 
-----------1----------- ------------ ---------- -----------, 
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DTPA ·(I) I 476 
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ferric-chelates (Fig. 29 ) . The present results emphasize the 
importance of the stability constants as an index of Fe 
availability to plants ; and ágree with the observations of 
WALLACE et al. (1955), BROWN et al. (1961 b) and BROM~ (1969). 
Additions of CuEDTA and CuDTPA had no appreciable 
effect on Fe uptake, in spite of the observed increase of 
soluble Fe in the soil after these treatments. CuEDDHA result~ 
ed in a slight increase in Fe uptake. 
Uptake of copper 
As in the case of Fe, the overall effect of chelating 
agents and Cu-chelates was an increase in Cu uptake, while 
only a relatively small increase by Cu(N0 3 ) 2 addition was 
observed. The effects of the three Cu-chelates on Cu uptake 
were almost identical, while the degree of Cu solubilization 
in the soil, as well as the reported stability constants, 
were different (Fig. 29). Under the present conditions, the 
measured chemica! stability or the formation constants of 
Cu-chelates are not a good index of Cu uptake by barley. In 
other circumstances, however, BERINGER (1963) found that Cu 
uptake could be correlated with the stability constants of 
Cu-chelates. 
Increasing the application rates of EDTA and DTPA, 
from I to II, resulted in a decrease of Cu uptake. On the 
other hand, NH 4oAc extracted more Cu with increasing doses 
of these chelates. It seems likely, therefore that at higher 
doses, EDTA and DTPA have competed with plant roots for the 
Cu present in the growth medium. In contrast, increasing 
rates of Cu-free EDDHA favoured copper uptake in spite of 
the fact that no ~ignificant difference was observed by soil 
analysis. 
A highly significant difference in Cu uptake was ob-
tained (Table 30) in camparing the effects of Cu-chelates and 
Cu-free chelating agents. The minute effect of the latter 
could be attributed to the very low amount of soluble Cu in 
the soil (0. 5 ppm of NH 40Ac-ex tractable Cu) and also to the 
lower affinity of these ligands for Cu, relative to that of Fe. 
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Table 30. Effect of chelates on rnobility and plant uptake of Fe, Cu, Mn and Zn 
(t-values) 
----------------------------------------------------------------------------------------------------
1 ,.." t t I , '1 I k I . I . '1 I k I 1 1 rea men s 1 Fe ln sol 1 Fe upta e 1 Treatrnents 1 Cu ln sol 1 Cu upta e 1 
~------------------------~-----------~-----------~-----------------------~-------------~------------:· 
I I I I I I I 
1 Control VS 1 ** 1 ** 1 Control VS 1 ** 1 ** 1 
I h l t' t II I 5 6 .091 I 6.25 4 I h l t' t I 1 11.274 1 10.321 1 1 c _e a lng agen s 1 1 1 c e a l ng agen s 1 1 1 
I I I I I I 1 
I I I I I I 
I I I I I 
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Uptake of mang anes e and zinc 
EDTA and DTPA treatments resulted in a decrease in 
Mn uptake ; this reduction was proportional to the applied 
amourits of the two ligands. On the other hand, EDDHA actdi-
tion showed a little increase in Mn uptake. The reduction 
of Mn uptake caused by EDTA and DTPA applications might be 
related to two factors 
- possible competition by the chelates with the plant root 
for Mn, and 
- an antagonistic effect of Fe, due to its higher concen-
tratien in the soil as a result of these treatments. 
It is evident that CuEDTA and CuDTPA addition have increas-
ed, while FeEDTA and FeDTPA hav~ decreased Mn uptake. 
CuEDOHA and FeEDOHA had no influence. A reduction in Mn up-
take has been recognized by many investigators, when chela-
ting agents or Fe-chelates (causing an increase in Fe uptake) 
were appli ed (WALLACE, 1958 i GUINN and JOHAM, 1962 i ABDULLA 
and SMITH, 1963 ; DEMETRIADES et al., 1966). 
With regard to Zn, it appears that EDTA-treated 
plants showed the highest Zn uptake, and DTPA and EDDHA had 
no significant effect. Fe-chelate s brought about no change, 
while CuEDTA and CuDTPA resulted in a slight increase in Zn 
uptake. 
3. CONCLUSIONS 
Effect of chelates on trace element mobility in soil 
- The effectiveness of Fe-chelates or Fe-free chelating agents 
to increase Fe mobility can be rank ed as follows : 
EDDHA > DTPA > EDTA. 
- Copper mobility was highest with CuEDTA and decreased in 
the order : CuEDTA > CuDTPA > CuEDDHA. 
- The order of effectiveness of chelating agents in increa-
sing Mn and Zn mobilization was : EDTA > DTPA >> EDDHA ; 
EDDHA had pr~ctically no ~ffect. 
- Fec1 3 or Cu (N03 ) 2 as Fe or Cu fertilizers had no effect on 
the soluble fraction of these two elements in the saline-
alkaline soil. 
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Effect of chelates on trace el ement uptake by barley 
- Applications of Fe-chelates or Fe-free chelating agents 
were found to increase Fe uptake with the following order 
of efficiency ; EDDHA > DTPA > EDTA. 
- The effects of the three Cu-chelates ón Cu-uptake were almost 
identical. 
- EDTA, DTPA and their Fe-chelates significantly decreased 
the uptake of Mn. No influence of Fe-chelates on Zn uptake 
was observed. 
- The most effective chelating agents, i.e. those giving the 
highest values of trace element uptake, were : EDDHA for 
Fe, Cu and Mn, and EDTA for Zn. 
- The formation constants and the measured stahilities of 
Fe-chelates, as well as the mobility of Fe in the soil, 
appeared to be good indicies for Fe availability to bar-
ley. This correspondence, however, was not observed in 
the case of Cu-chelates. 
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su~~RY 
The purpose of this study was to evaluate the be-
haviour of trac~ elements in normal soil when affected by 
salinity and alkalinity variables. Impravement of trace 
element status in saline-alkaline soil through metal che-
late applications was also included. 
1. EFFECT OF SALINITY ON TRACE ELEMENTS IN SOILS AND PLANTS 
A sandy loam soil was adjusted to different levels 
of salinity with NaCl, cac1
2
, MgC1 2 , Na 2so4 , Mgso 4 , chloride 
or sulfate mixtures, and synthetic sea water. The mobility 
of trace elements in the soil and their uptake by plants 
were tested under laboratory and greenhouse conditions. 
A. Increasing Cl-salinity increased soil pH, while so4-
salinity had little or no effect. Extractable Mn and Fë 
increased as a result of Cl-salinization in spite of the 
corresponding increase in soil pH. The mobility of Zn and 
Cu was not measurably altered by salinization. The role 
of chloride ions, exchange reactions and specific salts 
in relation to trace element availability was discussed. 
B. Increasing salinization to certain levels increased plant 
content of trace elements and this increase was showed 
to be related with the mobile fraction of some elements 
in the soil. The results on salinity-trace element inter-
actions reflect the differences between plant species with 
regard to their toleranee to salinity and, hence, their 
ability to extract trace elements under saline conditions. 
The possible c ausative factors for either enhancement or 
depression in trace element uptake after salinization 
were reported. 
Regres sions descrihing the relationship between salinity 
and plant cohtent of trace elements for be~ns, corn and 
wheat were calculated. 
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C. Chloride-salinization resulted in higher Mn, Fe and Cu 
contents when compared to that of sulfates, whereas the 
opposite pattern was observed with Zn. Mn content showed 
the greatest change with chloride-salt applications ; 
this behaviour emphasized the important role of Cl-ions 
in conneetion with Mn availability and uptake. Trace ele-
ment content of corn was highest with CaC1 2 at moderate 
salinization and lowest with MgC1 2 at the highest salinity 
level. 
2. CORN RESPONSE TO Fe AND Mn FERTILIZATION UNDER NORMAL 
AND SALINE CONDITIONS 
The effect of Fe and Mn applications on yield and 
trace element content of corn was investigated under green~ 
house conditions at different salinity levels. Salinization 
was performed by addition of diluted synthetic sea water, 
one week after sowing. 
Application of Fe or Mn in the sulfate form had no 
appreciable effect on dry matter production of corn. The.corn 
content of Fe increased with Fe application on nonsaline soil 
and drastically decreased on salt-affected soil. In contrast, · 
Mn content increased with Mn supply on both nonsaline and 
saline soil. On normal soil, a clear antagonistic effect was 
obse~ved between Mn and Fe and, to a lesser extent, between 
Mn and Cu and between Mn and Zn. A synergistic effect was 
found between Fe and Cu and between Fe and Zn. Under saline 
conditions, the interrelationships b e tween trace elements 
showed no distinct pattern. 
3. EFFECTS OF SALINITY-ALKALINITY INTERACTIONS ON TRACE 
ELEMENTS IN SOIL AND PLANT 
Two levels of soil pH were e s tablished by treating 
a sandy loam soil with Na 2co3 . Greenhouse and incubation 
e xperiments were conduc ted to stud y t he effec t of salinity-
alka l inity interact ions on trac e e l ement mobil ity in soil 
and t hei r uptake by corn. 
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At the beginning of incubation, increasing salinity gradually 
decreased the pH of acid and alkaline soils. After 4 weeks 
of equilibration; salinization increased the pH of acid and 
neutral soil and depres sed the pH of alkaline soil. Salinity 
stimulated the mobile fraction of trace elements at all 
levels of soil pH, but to different extents. The equilibrium 
between the three forms of active manganese as a function of 
salt addition and soil pH was discussed. 
Slight salini zation and alkalinization enhanced the 
absorption of trace elements, while, with further increase 
of soil pH or salt application, their uptake was seriously 
depressed. Plant uptake of trace elements under saline-alka-
line condi tions did not follow the ex·tractabili ty patterns. 
4. EFFECT OF SALTS, SOIL pH AND HUMIC ACIDS ON THE RETENTION 
AND RELEASE OF TRACE ELEMENTS 
The retentien and release of micronutrient cations 
have been quantitatively determined . by laboratory investigations. 
The presence of salts in the equilibrium system ap-
preciably decreased the retained fraction of trace elements. 
The extent of retention, however, was found to differ accord-
ing to the specific cation or anion of the applied salts. 
Exchange mechanism and complex formation with soil organic 
matter appeared to be associated with the observed variability 
in the retentien pattern. 
Addition of Na 2co3 has been found to increase , with 
different magnitude, the retained fractions of trace elements. 
The contribution of humic acids, with regard to the retentien 
andrelease o f trace elements, showed to be a function of 
soil pH and salt concentration. The results revealed the par-
ticular importance of soil reaction and salts in relation to 
the so-called fixed fraction. 
5. TRACE ELEMENT STATUS OF SOME SALINE-ALKALI SOILS OF EGYPT 
·Six soil profiles from various saline-alkali soils 
of the Nile delta were studied. Besides physico-chemical 
determinations , the soil samples were analyzed for total and 
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mobile fractions of micronutrients. 
The examined soils were rich in total amounts of trace ele-
ments ; however, with the exception of Mn, the mobilities 
(availabilities) of Zn, Cu, and Fe were below the sufficient 
limits fixed by ether authors. Nutritional problems due to 
trace element deficiencies, therefore, are likely to occur 
in these regions. 
The total content and distribution of Mn, Zn, Cu and Fe in 
soil profiles appeared to be affected by mechanical cernpo-
sitien as indicated by correlation analyèis~ Only Zn and Cu 
were correlated with soiJ. organic matter .. 
6. STABILITY OF METAL CHELATES AND THEIR EFFECTIVENESS IN 
SALINE-ALKALI SOIL 
A spectrophotometric method was used to study the 
effect of pH and competing ions on the stahilities of Fe- and 
Cu-chelates of EDTA, DTPA and EDDHA. The measured stability 
was eeropared with the calculated stabi lity-pH diagrams. 
Laberatory and pot experiments were carried out by adding 
these metal-chelates to saline-alkaline soil and measuring 
the mobile fraction of trace elements and their uptake by 
barley. 
A. The stahilities of these metal-chelates compare favourably 
with the reported formation cons tants. Instability of 
some of these chelates in acid medium and the effects of 
C ++ d M ++ . . d . d h a an g as compet1ng 1ons were 1scusse . T e expe~ 
rimental stability-pH diagrams correspond well with the 
predicted ones. The spectrophotometric technique, there-
fore, could be a successful tool to study the stability 
of ether metal-chelates in saline-alkaline media. 
B. Uptake of Fe by barley corresponded with the mobile Fe 
in soil and the values of Fe-chelate form~tion constants 
such correspondence was not found with Cu-chelates. Soil 
application of EDDHA showed to be a proruising method for 
impravement of Fe, Cu and Mn status in saline-alkaline 
soils ; EDTA was the corresponding compound in the case 
of Zn. 
..~ • 'r , . 
. .<' .. 
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